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PROBLEM TO BE SOLVED: To realize long-duration nonstop oscillation 
by decreasing threshold current and voltage of an LD device of nitride 
semiconductor. 

SOLUTION: A nitride semiconductor device is made by forming an active 
layer 14 between a nitride semiconductor layer on an n conductive side 
and a nitride semiconductor layer on a p conductive side. An n-side 
distortion superlattice layer 1 2 is formed by laminating first and second 
nitride semiconductor layers of different band gap energy and density of 
impurities in a position at a distance from or in contact with the active 
layer on the nitride semiconductor layeKs) on the n conductive side 
and/or the p conductive side. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A barrier layer is the nitride semiconductor device which it comes to form between the nitride semi-conductor 
layer by the side of n electric conduction, and the nitride semi-conductor layer by the side of p electric conduction, and 
sets in the nitride semi-conductor layer by the side of said n electric conduction. The nitride semiconductor device 
characterized by having the n side distortion super-latticed layer to which it comes to carry out the laminating of the 1st 
and the 2nd nitride semi-conductor layer from which bandgap energy difFers mutually in said barrier layer, the distant 
location, or the location that touched, and n mold high impurity concentration difFers mutually. 

[Claim 2] A barrier layer is the nitride semiconductor device which it comes to form between the nitride semi-conductor 
layer by the side of n electric conduction, and the nitride semi-conductor layer by the side of p electric conduction, and 
sets in the nitride semi-conductor layer by the side of said p electric conduction. The nitride semiconductor device 
characterized by having the p side distortion super-latticed layer to which it comes to carry out the laminating of the 3rd 
and the 4th nitride semi-conductor layer from which bandgap energy differs mutually in said barrier layer, the distant 
location, or the location that touched, and p mold high impurity concentration differs mutually. 

[Claim 3] A barrier layer is the nitride semiconductor device which it comes to form between the nitride semi-conductor 
layer by the side of n electric conduction, and the nitride semi-conductor layer by the side of p electric conduction, and 
sets in the nitride semi-conductor layer by the side of said n electric conduction. It has the n side distortion super- 
latticed layer to which it comes to carry out the laminating of the 1st and the 2nd nitride semi-conductor layer from which 
bandgap energy differs mutually in said barrier layer, the distant location, or the location that touched, and n mold high 
impurity concentration differs mutually. The location left with said barrier layer in the nitride semi-conductor layer by the 
side of said p electric conduction. Or the nitride semiconductor device characterized by having the p side distortion 
super-latticed layer to which it comes to carry out the laminating of the 3rd and the 4th nitride semi-conductor layer from 
which bandgap energy differs mutually in the location which touched, and p mold high impurity concentration differs 
mutually. 

[Claim 4] It is the nitride semiconductor device according to claim 1 or 3 which has bandgap energy with said 1st larger 
nitride semi-conductor layer than said 2nd nitride semi-conductor layer, and larger n mold high impurity concentration 
than said 2nd nitride semi-conductor layer in said n side distortion super-latticed layer. 

[Claim 5] The nitride semiconductor device according to claim 4 which made small n mold high impurity concentration of 
the part close to said 2nd nitride semi-conductor layer in said 1st nitride semi-conductor layer as compared with the part 
which is separated from said 2nd nitride semi-conductor layer. 

[Claim 6] The nitride semiconductor device according to claim 4 or 5 whose n mold high impurity concentration of the 2nd 
nitride semi-conductor layer n mold high impurity concentration of said 1st nitride semi-conductor layer is in the range of 
three to 1x1020/cm3 of 1x1017-/cm, and is three or less 1x1019-/cm. 

[Claim 7] It is the nitride semiconductor device according to claim 1 or 3 which has bandgap energy with said 1st larger 
nitride semi-conductor layer than said 2nd nitride semi-conductor layer, and n mold high impurity concentration smaller 
than said 2nd nitride semi-conductor layer in said n side distortion super-latticed layer. 

[Claim 8] The nitride semiconductor device according to claim 7 which made small n mold high impurity concentration of 
the part close to said 1st nitride semi-conductor layer in said 2nd nitride semi-conductor layer as compared with the part 
which is separated from said 1st nitride semi-conductor layer. 

[Claim 9] The nitride semiconductor device according to claim 7 or 8 whose n mold high impurity concentration of said 2nd 
nitride semi-conductor layer n mold high impurity concentration of said 1st nitride semi-conductor layer is three or less 
1x101 9-/cm. and is the range of three to 1x1020/cm3 of 1x1017-/cm. 

[Claim 10] It is the nitride semiconductor device of one publication among claims 4-9 which said 1st nitride semi- 
conductor layer becomes from AIYGal-YN {0< Y<1), and said 2nd nitride semi— conductor layer becomes from InXGal— XN 
(0<=X<1). 

[Claim 11] The nitride semiconductor device according to claim 10 which said 2nd nitride semi-conductor layer becomes 
from GaN. 

[Claim 12] It is the nitride semiconductor device of one publication among claims 4-9 which said 1st nitride semi- 
conductor layer becomes from AIXGal-XN (0< X<1), and said 2nd nitride semi-conductor layer becomes from AIYGal-YN 
(0< Y<1, X>Y). 

[Claim 13] The nitride semiconductor device of any one publication among claims 4-12 by which n mold impurity is not 
doped by said 1st nitride semi-conductor layer or said 2nd nitride semi-conductor layer. 

[Claim 14] It is the nitride semiconductor device according to claim 2 or 3 which has bandgap energy with said 3rd larger 
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nitride semi-conductor layer than said 4th nitride semi-conductor layer, and larger p mold high impurity concentration than 
said 4th nitride semi-conductor layer in said p side distortion super-latticed layer. 

[Claim 15] The nitride semiconductor device according to claim 14 which made small p mold high impurity concentration of 
the part close to said 4th nitride semi-conductor layer in said 3rd nitride semi-conductor layer as compared with the part 
which is separated from said 4th nitride semi-conductor layer. 

[Claim 16] The nitride semiconductor device according to claim 11 or 12 whose p mold high impurity concentration of the 
4th nitride semi-conductor layer p mold high impurity concentration of said 3rd nitride semi-conductor layer is in the 
range of three to 1x1021/cm3 of 1x1018-/cm, and is three or less lx1020-/cm. 

[Claim 1 7] It is the nitride semiconductor device according to claim 2 or 3 which has bandgap energy with said 3rd larger 
nitride semi-conductor layer than said 4th nitride semi-conductor layer, and p mold high impurity concentration smaller 
than said 4th nitride semi-conductor layer in said p side distortion super-latticed layer. 

[Claim 18] The nitride semiconductor device according to claim 17 which made small p mold high impurity concentration of 
the part close to said 3rd nitride semi-conductor layer in said 4th nitride semi-conductor layer as compared with the part 
which is separated from said 3rd nitride semi-conductor layer. 

[Claim 19] The nitride semiconductor device according to claim 17 or 18 whose p mold high impurity concentration of the 
4th nitride semi-conductor layer p mold high impurity concentration of said 3rd nitride semi-conductor layer is three or 
less 1x1020-/cm, and is the range of three to 1x1021/cm3 of 1x1018-/cm. 

[Claim 20] It is the nitride semiconductor device of one publication among claims 14-19 which said 3rd nitride semi- 
conductor layer becomes from AIYGal-YN (0< Y<1), and said 4th nitride semi-conductor layer becomes from InXGa1-XN 
(0<=X<1). 

[Claim 21] The nitride semiconductor device according to claim 20 which said 4th nitride semi-conductor layer becomes 
from GaN. 

[Claim 22] It is the nitride semiconductor device of one publication among claims 14-19 which said 3rd nitride semi- 
conductor layer becomes from AIXGal-XN (0< X<1), and said 4th nitride semi-conductor layer becomes from A!YGa1-YN 
(0< Y<1, X>Y). 

[Claim 23] The nitride semiconductor device of any one publication among claims 14-22 by which p mold impurity is not 
doped by said 3rd nitride semi— conductor layer or said 4th nitride semi— conductor layer. 

[Claim 24] In said n side distortion super-latticed layer said 1st nitride semi-conductor layer Have larger bandgap energy 
than said 2nd nitride semi-conductor layer and larger n mold high impurity concentration than said 2nd nitride semi- 
conductor layer, and it sets to said p side distortion super-latticed layer. Said 3rd nitride semi-conductor layer is a nitride 
semiconductor device according to claim 3 which has larger bandgap energy than said 4th nitride semi-conductor layer 
and larger p mold high impurity concentration than said 4th nitride semi-conductor layer. 

[Claim 25] n mold high impurity concenfration of said 1st nitride semi-conductor layer is the range of three to 
1x102O/cm3 of 1x101 7-/cm. n mold high impurity concentration of the 2nd nifride semi-conductor layer is three or less 
1x101 9-/cm. The nitride semiconductor device according to claim 24 whose p mold high impurity concentration of said 4th 
nitride semi-conductor layer p mold high impurity concentration of said 3rd nitride semi-conductor layer is the range of 
three to 1x1021/cm3 of 1 xlOI 8-/cm, and is three or less 1x1020-/cm. 

[Claim 26] In said n side distortion super-latticed layer said 1st nitride semi-conductor layer Have larger bandgap energy 
than said 2nd nitride semi-conductor layer and larger n mold high impurity concentration than said 2nd nitride semi- 
conductor layer, and it sets to said p side distortion super-latticed layer. Said 3rd nitride semi-conductor layer is a nitride 
semiconductor device according to claim 3 which has larger bandgap energy than said 4th nitride semi-conductor layer 
and p mold high impurity concentration smaller than said 4th nitride semi-conductor layer. 
[Claim 27] n mold high impurity concentration of said 1st nitride semi— conductor layer is the range of three to 
1x1020/cm3 of 1x1017-/cm. n mold high impurity concentration of the 2nd nitride semi-conductor layer is three or less 
1x101 9-/cm. the nitride semiconductor device according to claim 26 whose p mold high impurity concentration of the 4th 
nitride semi-conductor layer p mold high impurity concentration of said 3rd nitride semi-conductor layer is three or less 
1x1020-/cm, it is alike, and is and is the range of three to 1x1021/cm3 of 1x1018-/cm. 

[Claim 28] In said n side distortion super-latticed layer said 1st nitride semi-conductor layer Have larger bandgap energy 
than said 2nd nitride semi-conductor layer and n mold high impurity concentration smaller than said 2nd nitride semi- 
conductor layer, and it sets to said p side distortion super-latticed layer. Said 3rd nifride semi-conductor layer is a nitride 
semiconductor device according to claim 3 which has larger bandgap energy than said 4th nitride semi-conductor layer 
and larger p mold high impurity concentration than said 4th nitride semi-conductor layer. 

[Claim 29] n mold high impurity concentration of said 1st nitride semi-conductor layer is three or less 1x1019-/cm. n mold 
high impurity concenfration of said 2nd nitride semi-conductor layer is the range of three to 1x1020/cm3 of 1x101 7-/cm. 
The nitride semiconductor device according to claim 28 whose p mold high impurity concentration of said 4th nifride semi- 
conductor layer p mold high impurity concenfration of said 3rd nifride semi-conductor layer is the range of three to 
1x1021/cm3 of 1x1018-/cm, and is three or less 1x1020-/cm. 

[Claim 30] In said n side distortion super-latticed layer said 1st nitride semi-conductor layer Have larger bandgap energy 
than said 2nd nitride semi—conductor layer and n mold high impurity concenfration smaller than said 2nd nitride semi- 
conductor layer, and it sets to said p side distortion super-latticed layer. Said 3rd nifride semi-conductor layer is a nitride 
semiconductor device according to claim 3 which has larger bandgap energy than said 4th nitride semi-conductor layer 
and p mold high impurity concentration smaller than said 4th nitride semi-conductor layer. 

[Claim 31] n mold high impurity concenfration of said 1st nifride semi-conductor layer is three or less 1x1019-/cm. n mold 
high impurity concenfration of said 2nd nitride semi-conductor layer is the range of three to 1x1020/cm3 of 1x1017-/cm. 
the nitride semiconductor device according to claim 30 whose p mold high impurity concentration of the 4th nitride semi- 
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conductor layer p mold high impurity concentration of said 3rd nitride semi-conductor layer is three or less 1x1020-/cm, it 
is alike, and is and is the range of three to Ix102l/Gm3 of 1x1018-/cm. 

[Claim 32] In said n side distortion super-latticed layer, said 1st nitride semi-conductor layer consists of AIYGal-YN (0< 
Y<1). and said 2nd nitride semi-conductor layer consists of InXGal-XN (0<=X<1). and it sets to said p side distortion 
super-latticed layer. It is the nitride semiconductor device of one publication among claims 24-31 which said 3rd nitride 
semi-conductor layer becomes from AIYGal-YN (0< Y<1), and said 4th nitride semi-conductor layer becomes from 
InXGal-XN (0<=X<1). 

[Claim 33] The nitride semiconductor device of one publication among claims 24-31 which said 2nd and 4th nitride 
semiconductor device becomes from GaN, respectively. 

[Claim 34] In said n side distortion super-latticed layer, said 1st nitride semi-conductor layer consists of AIXGal-XN (0< 
X<1). Said 2nd nitride semi-conductor layer consists of AIYGal-YN (0< Y<1, X>Y), and is set to said p side distortion 
super-latticed layer. It is the nitride semiconductor device of one publication among claims 24-31 which said 3rd nitride 
semi-conductor layer becomes from AIXGal-XN {0< X<1), and said 4th nitride semi-conductor layer becomes from 
AIYGal-YN (0< Y<1. X>Y). 

[Claim 35] Said 1st nitride semi-conductor layer or said 2nd nitride semi-conductor layer is the nitride semiconductor 
device of one publication among claims 24-34 which are the undoping layers by which n mold impurity is not doped. 
[Claim 36] Said 3rd nitride semi-conductor layer or said 4th nitride semi-conductor layer is the nitride semiconductor 
device of one publication among claims 24-34 which are the undoping layers by which p mold impurity is not doped. 
[Claim 37] The nitride semiconductor device of any one publication among claims 1-36 in which said barrier layer contains 
an InGaN layer. 

[Claim 38] The nitride semiconductor device according to claim 37 said whose InGaN layer is a quantum well layer. 
[Claim 39] Said nitride semiconductor device is a nitride semiconductor device of any one publication among claims 1-38 
said whose barrier layers are the laser oscillation components located between the p side cladding layer and the n side 
cladding layer and at least whose ones of said p side cladding layer and said n side cladding layers are said n side 
distortion super-latticed layer or said p side distortion super-latticed layer. 

[Claim 40] Said nitride semiconductor device is a nitride semiconductor device according to claim 39 in which it became 
from the nitride semi-conductor which is a laser oscillation component and contains In between said p side cladding layer 
and a barrier layer or in either [ at least ] between said p side cladding layer and a barrier layer, or GaN, and the lightguide 
layer whose high impurity concentration is three or less 1x1019-/cm was formed. 

[Claim 41] The nitride semiconductor device according to claim 40 in which said lightguide layer has a superstructure. 
[Claim 42] The nitride semiconductor device according to claim 40 or 41 whose high impurity concentration of this cap 
layer the cap layer which has still larger bandgap energy than the well layer and said lightguide layer of said barrier layer 
between said lightguide layers and barrier layers, and consists of a nitride semi-conductor of 0.1 micrometers or less of 
thickness is formed, and is three or more 1x1018-/cm. 

[Claim 43] The nitride semiconductor device according to claim 42 characterized by forming said lightguide layer and said 
cap layer in p electric conduction side nitride semi-conductor layer side. 

[Claim 44] A nitride semi-conductor layer is grown up on the different-species substrate which consists of a different 
ingredient from a nitride semi-conductor. After forming a protective coat on the this grown-up nitride semi-conductor 
layer so that the front face of this nitride semi-conductor layer may be exposed partially. The nitride semiconductor 
device in which the nitride semiconductor device of any one publication among claims 1 -43 was formed on the nitride 
semi-conductor substrate which consists of a nitride semi-conductor layer grown up so that said protective coat might be 
covered from the exposed nitride semi-conductor layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the component using the nitride semi-conductor (InXAIYGal-X-YN, 0 
<=X, 0<=Y, X+Y<=1) used for electron devices, such as photo detectors, such as light emitting devices, such as LED (light 
emitting diode), LD (laser diode), or a super luminescent diode (SLD), a solar battery, and a photosensor, or a transistor 
and a power device. In addition, it is not shown that X value of those layers and Y value of AIYGa1~YN [ general formula 
InXGal-XN used in this specification, ] correspond even if the empirical formula of a nitride semi-conductor layer is only 
shown and a different layer is shown by the same empirical formula, for example. 
[0002] 

[Description of the Prior Art] The nitride semi-conductor was just put in practical use with the full color LED display, the 
traffic light, etc. as an ingredient of high brightness blue LED and authentic green LED recently. LED used for these 
various devices has terrorism structure to the double by which the barrier layer of the single quantum well structure 
(SQW:Single-Ouantum-Weli) of having the well layer which consists of InGaN, or multiplex quantum well structure 
(MQW:Multi-Quantum-Well) was sandwiched between n mold nitride semi-conductor layer and p mold nitride semi- 
conductor layer. Wavelength, such as blue and green, is determined by fluctuating In presentation ratio of an InGaN well 
layer 

[0003] Moreover, these people announced the 410nm laser oscillation in a room temperature for the first time under pulse 
current in the world recently using this ingredient {for example, Jpn.J.Appl.Phys.35(1996) L74 and Jpn.J.Appl.Phys.35(1996) 
L217 grade}. This laser component has terrorism structure to the double which has the barrier layer of multiplex quantum 
well structure using the well layer which consists of InGaN, is the conditions of 2 microseconds of pulse width, and 2ms of 
pulse periods, and shows the oscillation of the threshold current of 610mA, and threshold-current consistency 8.7 
kA/cm2,410nm. Furthermore, we announced the improved laser component in Appl.Phys.Lett.69 (1996) 1477. This laser 
component has the structure where the ridge stripe was formed in a part of p mold nitride semi-conductor layer, is 1 
microsecond of pulse width, 1ms of pulse periods, and 0.1% of duty ratio, and shows the threshold current of 187mA, and 
threshold-current consistency the oscillation of 2.410 nm of 3kA/cm. And further, we succeeded also in the continuous 
oscillation in a room temperature for the first time, and announced. A this {Nikkei electronics December 2, 1996 issue 
technical news flash, Appl.Phys.Lett69 (1996) 3034, Appl.Phys.Lett.69 (1996) 4056, etc. and laser) component shows the 
continuous oscillation of 27 hours in 20 degrees C in threshold-current consistency 3.6 kA/cm2 and a threshold voltage 
5.5V or 1.5mW output [ for example, ] 
[0004] 

[Problem(s) to be Solved by the Invention] The blue which consists of a nitride semi-conductor, and green LED are 
forward current (If)20mA, and compared with the red LED which forward voltage (Vf) becomes from the semi-conductor of 
those with 3.4V - 3.6V. and a GaAIAs system, more than 2V. since it is high, the further fall of Vf is desired. Moreover, in 
LD, the current in a threshold and an electrical potential difference are still high, and in order to carry out long duration 
continuous oscillation at a room temperature, it is necessary to realize a component with still higher effectiveness for 
which this threshold current and an electrical potential difference fall. 

[0005] If the threshold voltage of a laser component can be reduced and the technique will be applied to an LED 
component, the fall of Vf of an LED component can be expected. Therefore, the place made into the purpose of this 
invention is by reducing the current in the threshold of LD component which mainly consists of a nitride semi-conductor, 
and an electrical potential difference to realize continuous oscillation of long duration. 
[0006] 

[Means for Solving the Problem] In a nitride semiconductor device, by making any one or more semi-conductor layers 
other than a barrier layer into a distortion superstructure, this invention finds out that the crystallinity of this semi- 
conductor layer can improve and the electric resistance of this semi-conductor layer can be made low. and is completed. 
Namely, the 1st nitride semiconductor device of this invention A barrier layer is n electric conduction side (it is hereafter 
called the n side.). A nitride semi-conductor layer side, p electric conduction side (it is hereafter called the p side.) Are the 
nitride semiconductor device which it comes to form between nitride semi-conductor layers, and it sets in the nitride 
semi-conductor layer by the side of said n electric conduction. The 1st and the 2nd nitride semi-conductor layer from 
which bandgap energy differs mutually in said barrier layer, the distant location, or the location that touched, and n mold 
high impurity concentration differs mutually are characterized by having the n side distortion super-latticed layer which 
comes to carry out a laminating. Since the electric resistance of the nitride semi-conductor layer which consisted of 
superlattice layers can be made small by this, resistance as the whole nitride semi-conductor layer by the side of n 
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electric conduction can be made small. 

[0007] Moreover, a barrier layer is the nitride semiconductor device which it comes to form between the nitride semi- 
conductor layer by the side of n electric conduction, and the nitride semi-conductor layer by the side of p electric 
conduction, and sets the 2nd nitride semiconductor device of this invention in the nitride semi-conductor layer by the side 
of said p electric conduction. The 3rd. and the 4th nitride semi— conductor layer from which bandgap energy differs mutually 
in said barrier layer, the distant location, or the location that touched, and p mold high impurity concentration differs 
mutually are characterized by having the p side distortion super-latticed layer which comes to carry out a laminating. 
Since the electric resistance of the nitride semi-conductor layer which consisted of superlattice layers can be made small 
by this, resistance as the whole nitride semi-conductor layer by the side of p electric conduction can be made small. Here, 
p electric conduction side shall point out the nitride semi-conductor layer between a barrier layer and a positive electrode 
(p electrode), and n electric conduction side shall point out the nitride semi-conductor layer which is in the opposite side 
p electric conduction side on both sides of a barrier layer. In addition, it cannot be overemphasized that the built-up 
sequence of the 1st nitride semi-conductor layer and the 2nd nitride semi-conductor layer and the built-up sequence of 
the 3rd nitride semi-conductor layer and the 4th nitride semi-conductor layer are not asked. 

[0008] Furthermore, a barrier layer is the nitride semiconductor device which it comes to form between the nitride semi- 
conductor layer by the side of n electric conduction, and the nitride semi-conductor layer by the side of p electric 
conduction, and sets the 3rd nitride semiconductor device of this invention in the nitride semi-conductor layer by the side 
of said n electric conduction. It has the n side distortion super-latticed layer to which it comes to carry out the laminating 
of the 1st and the 2nd nitride semi-conductor layer from which bandgap energy differs mutually in said barrier layer, the 
distant location, or the location that touched, and n moid high impurity concentration differs mutually. In the nitride semi- 
conductor layer by the side of said p electric conduction, the 3rd and the 4th nitride semi-conductor layer from which 
bandgap energy differs mutually in said barrier layer, the distant location, or the location that touched, and p mold high 
impurity concentration differs mutually are characterized by having the p side distortion super-latticed layer which comes 
to carry out a laminating. Since the electric resistance of the nitride semi-conductor layer which consisted of superlattice 
layers can be made small by this, resistance as the whole nitride semi-conductor layer by the side of n electric conduction 
and p electric conduction can be made small. 

[0009] In the 1st of this invention, or the 3rd nitride semiconductor device, the n side distortion super-latticed layer will 
be formed as at least one sort of layers of the buffer layer formed in contact with the substrate, the n side contact layer 
in which n electrode is formed, the n side cladding layer as carrier ******, and the n side lightguide layers which guide 
luminescence of a barrier layer, if it is a light emitting device and an optoelectnc transducer like a photo detector. In the 
2nd or 3rd nitride semiconductor device, the p side distortion super-latticed layer is formed as at least one sort of layers 
of the p side contact layer in which p electrode is formed, the p side cladding layer as carrier ******, and the p side 
lightguide layers which guide luminescence of a barrier layer. 

[0010] In the 1st of this invention, and the 3rd nitride semiconductor device, in a superlattice layer, high impurity 
concentration of the 1st nitride semi-conductor layer with big bandgap energy may be enlarged as compared with the high 
impurity concentration of the 2nd nitride semi-conductor layer with small bandgap energy, and you may make it small. 
Since high impurity concentration can move the carrier which was made to generate a carrier in the 1st nitride semi- 
conductor layer with big bandgap energy, could pour into the 2nd nitride semi-conductor layer with small bandgap energy, 
and was poured in in the 2nd small nitride semi-conductor layer with large mobility when high impurity concentration of 
said 1st nitride semi-conductor layer is enlarged as compared with the high impurity concentration of the 2nd nitride 
semi-conductor layer, the electric resistance of a superlattice layer can be made small. Here, in this specification, when 
summarizing and calling the n side distortion super-latticed layer and the p side distortion super-latticed layer, it is only 
called a superlattice layer as mentioned above. 

[0011] When high impurity concentration of said 1st nitride semi-conductor layer is enlarged as compared with the high 
impurity concentration of the 2nd nitride semi-conductor layer, moreover, in the 1st nitride semiconductor device The part 
which approaches the 2nd nitride semi-conductor layer in the 1st nitride semi-conductor layer of a superlattice layer (it is 
hereafter called a contiguity part.) It is desirable to make small n mold or p mold high impurity concentration as compared 
with the part which is separated from the 2nd nitride semi-conductor layer. By this, the carrier which moves in the inside 
of the 2nd nitride semi-conductor layer can prevent being scattered about with the impurity of said contiguity part, can 
make stili higher mobility of the 2nd nitride semi-conductor layer, and can make the electric resistance of a superlattice 
layer still lower. 

[0012] When many n mold impurities are specifically doped in the 1st nitride semi-conductor layer with large bandgap 
energy in the 1st and 3rd nitride semiconductor device. It is desirable that n mold high impurity concentration of the 1st 
nitride semi-conductor layer is in the range of three to 1x1020/cm3 of 1x1017-/cm, and n mold high impurity 
concentration of the 2nd nitride semi-conductor layer sets it as three or less 1x101 9-/cm smaller than the 1st nitride 
semi-conductor layer. In addition, as for n mold high impurity concentration of the 2nd nitride semi-conductor layer with 
small bandgap energy, it is more desirable that it is three or less 1x101 8-/cm, and it is more desirable that it is three or 
less 1x1017-/cm. That is, from a viewpoint which makes high mobility of the 2nd nitride semi-conductor layer, as n mold 
high impurity concentration of the 2nd nitride semi-conductor layer is small, it is good and its condition of not doping an 
undoping (undope) layer, i.e., an impurity, for the 2nd nitride semi-conductor layer intentionally is the most desirable. 
[0013] Moreover, when high impurity concentration of said 1st nitride semi-conductor layer is made small as compared 
with the high impurity concentration of the 2nd nitride semi-conductor layer, in said 2nd nitride semi-conductor layer, it is 
desirable to make small n mold high impurity concentration of the part close to said 1st nitride semi-conductor layer as 
compared with the part which is separated from said 1st nitride semi-conductor layer. Furthermore, when high impurity 
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concentration of said 1st nitride semi-conductor layer is made small as compared with the high impurity concentration of 
the 2nd nitride semi-conductor layer, n mold high impurity concentration of said 1st nitride semi-conductor layer is three 
or less 1x1019-/cm, and it is desirable that n mold high impurity concentration of said 2nd nitride semi-conductor layer is 
the range of three to 1x1020/cm3 of 1x1017-/cm. In addition, undoping (undope), i.e., the condition of not doping an 
impurity intentionally, is most preferably the most desirable [ said 1st nitride semi-conductor layer ] three or less 1x1017- 
/cm still more preferably three or less 1x1018-/cm. 

[0014] moreover, in the 1st and 3rd nitride semiconductor devices In a superlattice layer, in order to form a crystalline 
good superlattice layer, an energy band gap forms said 1st nitride semi-conductor layer comparatively by AIYGa1-YN (0< 
Y<1) into which a crystalline good large and layer can be grown up. It is desirable that an energy band gap forms said 2nd 
nitride semi-conductor layer comparatively by InXGal-XN (0<=X<1) into which a small crystalline good layer can be grown 
up. 

[0015] Moreover, it is still more desirable that said 2nd nitride semi-conductor layer consists of GaN in a superlattice 
layer in the 1st and 3rd nitride semiconductor devices. Since said 1st nitride semi-conductor layer (AIYGal-YN) and said 
2nd nitride semi-conductor layer (GaN) can be grown up in the same ambient atmosphere by this, it is very advantageous 
on manufacture of a superlattice layer. 

[0016] Moreover, in the 1st and 3rd nitride semiconductor devices, in a superlattice layer, said 1st nitride semi-conductor 
layer can be formed by AtXGal-XN (0< X<1), and said 2nd nitride semi-conductor layer can also be formed by AIYGal-YN 
(0< Y<1, X>Y). 

[0017] Furthermore, in said 1st nitride semi-conductor layer or said 2nd nitride semi-conductor layer, it is still more 
desirable that n mold impurity is not doped. 

[0018] In the 2nd of this invention, and the 3rd nitride semiconductor device, in a superlattice layer, high impurity 
concentration of the 3rd nitride semi-conductor layer with big bandgap energy may be enlarged as compared with the high 
impurity concentration of the 4th nitride semi-conductor layer with small bandgap energy, and you may make it small. 
Since high impurity concentration can move the carrier which was made to generate a carrier in the 3rd nitride semi- 
conductor layer with big bandgap energy, could pour into the 4th nitride semi-conductor layer with small bandgap energy, 
and was poured in in the 4th small nitride semi-conductor layer with large mobility when high impurity concentration of 
said 3rd nitride semi-conductor layer is enlarged as compared with the high impurity concentration of the 4th nitride semi- 
conductor layer, the electric resistance of a superlattice layer can be made small. 

[0019] moreover, in the 2nd and 3rd nitride semiconductor devices The part which approaches the 4th nitride semi- 
conductor layer in the 1st nitride semi-conductor layer of a superlattice layer when high impurity concentration of said 3rd 
nitride semi-conductor layer is enlarged as compared with the high impurity concentration of the 4th nitride semi- 
conductor layer (it is hereafter called a contiguity part.) It is desirable to make p mold high impurity concentration small as 
compared with the part which is separated from the 4th nitride semi-conductor layer. By this, the carrier which moves in 
the inside of the 4th nitride semi-conductor layer can prevent being scattered about with the impurity of said contiguity 
part, can make still higher mobility of the 4th nitride semi-conductor layer, and can make the electric resistance of a 
superlattice layer still lower. 

[0020] Moreover, when high impurity concentration of said 3rd nitride semi-conductor layer is enlarged in the 2nd and 3rd 
nitride semiconductor device as compared with the high impurity concentration of the 4th nitride semi-conductor layer, p 
mold high impurity concentration of the 3rd nitride semi-conductor layer with large bandgap energy is in the range of three 
to 1x1021/cm3 of 1x1018-/cm. It is more desirable that p mold high impurity concentration of the 4th nitride semi- 
conductor layer sets it as three or less 1x1020-/cm smaller than the high impurity concentration of the 3rd nitride semi- 
conductor layer. In addition, as for the 4th nitride semi-conductor layer with small bandgap energy, it is more desirable 
that it is three or less 1x1019-/cm, and it is still more desirable that it is three or less 1x1018-/cm. That is, from a 
viewpoint which makes high mobility of the 4th nitride semi-conductor layer, as p mold high impurity concentration of the . 
4th nitride semi-conductor layer is small, it is good and its condition of not doping an undoping layer, i.e., an impurity, for 
the 4th nitride semi-conductor layer intentionally is the most desirable. 

[0021] Moreover, in the 2nd and 3rd nitride semiconductor devices, when high impurity concentration of said 3rd nitride 
semi-conductor layer is made small as compared with the high impurity concentration of the 4th nitride semi-conductor 
layer, in said 4th nitride semi-conductor layer, it is desirable to make small p mold high impurity concentration of the part 
close to said 3rd nitride semi-conductor layer as compared with the part which is separated from said 3rd nitride semi- 
conductor layer. 

[0022] Moreover, in the 2nd and 3rd nitride semiconductor devices, when high impurity concentration of said 3rd nitride 
semi-conductor layer is made small as compared with the high impurity concentration of the 4th nitride semi-conductor 
layer, p mold high impurity concentration of said 3rd nitride semi-conductor layer is three or less 1x1020-/cm, and it is 
desirable that p mold high impurity concentration of the 4th nitride semi-conductor layer is the range of three to 
1x1021/cm3 of 1x1018-/cm. In addition, undoping (undope), i.e., the condition of not doping an impurity intentionally, is still 
more preferably the most desirable [ said 3rd nitride semi-conductor layer] most preferably three or less 1x101 8-/cm 
three or less 1x1019-/cm. 

[0023] Moreover, in the 2nd and 3rd nitride semiconductor devices, in order to form a crystalline good superlattice layer, it 
is desirable for an energy band gap to form said 3rd nitride semi-conductor layer comparatively by AIYGal-YN (0< Y<1) 
into which a crystalline good large and layer can be grown up, and to form said 4th nitride semi-conductor layer by 
InXGal-XN (0<=X<1). As for said 4th nitride semi-conductor layer, consisting of GaN is still more desirable. Since said 3rd 
nitride semi-conductor layer (AIYGal-YN) and said 4th nitride semi-conductor layer (GaN) can be grown up in the same 
ambient atmosphere by this, it is very advantageous on manufacture of a superlattice layer. 
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[0024] Moreover, in the 2nd and 3rd nitride semiconductor devices, said 3rd nitride semi-conductor layer may be formed 
by AIXGal-XN (0< X<1), and said 4th nitride semi-conductor layer may be formed by AIYGal-YN (0< Y<1, X>Y). 
[0025] Moreover, in the 2nd and 3rd nitride semiconductor devices, it is desirable in said 3rd nitride semi-conductor layer 
or said 4th nitride semi-conductor layer that p mold impurity is not doped. 

[0026] The bandgap energy of said 1st nitride semi-conductor layer is [ in / at the 3rd nitride semiconductor device / said 
n side distortion super-latticed layer ] larger than the bandgap energy of said 2nd nitride semi-conductor layer. And n 
mold high impurity concentration of said 1st nitride semi-conductor layer is higher than n mold high impurity concentration 
of said 2nd nitride semi— conductor layer, and, moreover, it sets to said p side distortion super — latticed layer. More greatly 
than the bandgap energy of said 4th nitride semi-conductor layer, p mold high impurity concentration of said 3rd nitride 
semi-conductor layer is higher than p mold high impurity concentration of said 4th nitride semi-conductor layer, and the 
bandgap energy of said 3rd nitride semi-conductor layer can set up. In this case, n mold high impurity concentration of 
said 1st nitride semi-conductor layer is the range of three to 1x102O/cm3 of 1x101 7-/cm. n mold high impurity 
concentration of the 2nd nitride semi-conductor layer is three or less 1x1019-/cm. p mold high impurity concentration of 
said 3rd nitride semi-conductor layer is the range of three to 1x1021/cm3 of 1x1018-/cm, and it is desirable that p mold 
high impurity concentration of said 4th nitride semi-conductor layer is three or less 1x1020-/cm. 

[0027] In the 3rd nitride semiconductor device, it sets to said n side distortion super-latticed layer. Moreover, said 1st 
nitride semi-conductor layer it has larger bandgap energy than said 2nd nitride semi-conductor layer and larger n mold 
high impurity concentration than said 2nd nitride semi-conductor layer — as — setting up — and — In said p side 
distortion super-latticed layer Said 3rd nitride semi-conductor layer can be set up so that it may have larger bandgap 
energy than said 4th nitride semi-conductor layer and p mold high impurity concentration smaller than said 4th nitride 
semi-conductor layer. In this case, n mold high impurity concentration of said 1st nitride semi-conductor layer is the range 
of three to 1x1020/cm3 of 1x1017-/cm. n mold high impurity concentration of the 2nd nitride semi-conductor layer is 
three or less 1x1019-/cm. p mold high impurity concentration of said 3rd nitride semi-conductor layer is three or less 
1x1020-/cm, it is alike, and is and it is desirable that p mold high impurity concentration of the 4th nitride semi-conductor 
layer is the range of three to 1x1021/cm3 of 1x1018-/cm. 

[0028] In the 3rd nitride semiconductor device, it sets to said n side distortion super-latticed layer. Moreover, said 1st 
nitride semi-conductor layer Have larger bandgap energy than said 2nd nitride semi-conductor layer and n mold high 
impurity concentration smaller than said 2nd nitride semi-conductor layer, and it sets to said p side distortion super- 
latticed layer. Said 3rd nitride semi-conductor layer can be set up so that it may have larger bandgap energy than said 4th 
nitride semi-conductor layer and larger p mold high impurity concentration than said 4th nitride semi-conductor layer In 
this case, n mold high impurity concentration of said 1st nitride semi— conductor layer is three or less 1x1019— /cm. n mold 
high impurity concentration of said 2nd nitride semi-conductor layer is the range of three to 1x1020/cm3 of lx1017-/cm. 
p mold high impurity concentration of said 3rd nitride semi-conductor layer is the range of three to 1x1021/cm3 of 
1x101 8-/cm. and it is desirable that p mold high impurity concentration of said 4th nitride semi-conductor layer is three or 
less 1x1020-/cm. 

[0029] In the 3rd nitride semiconductor device, it sets to said n side distortion super-latticed layer. Furthermore, said 1st 
nitride semi-conductor layer Have larger bandgap energy than said 2nd nitride semi-conductor layer and n mold high 
impurity concentration smaller than said 2nd nitride semi-conductor layer, and it sets to said p side distortion super- 
latticed layer. Said 3rd nitride semi-conductor layer can be set up so that it may have larger bandgap energy than said 4th 
nitride semi-conductor layer and p mold high impurity concentration smaller than said 4th nitride semi-conductor layer. In 
this case, n mold high impurity concentration of said 1st nitride semi-conductor layer is three or less 1x1019-/cm. n mold 
high impurity concentration of said 2nd nitride semi-conductor layer is the range of three to 1x1020/cm3 of 1x1017-/cm. 
p mold high impurity concentration of said 3rd nitride semi-conductor layer is three or less 1x1020-/cm. and it is desirable 
that p mold high impurity concentration of the 4th nitride semi-conductor layer is the range of three to 1x1021/cm3 of 
1x101 8-/cm. 

[0030] In the 3rd nitride semiconductor device, said 1st nitride semi-conductor layer is formed by AIYGal-YN (0< Y<1) in 
said n side distortion super-latticed layer. Form said 2nd nitride semi-conductor layer by InXGa1-XN (0<=X<1). and it is 
set to said p side distortion super-latticed layer. Said 3rd nitride semi-conductor layer can be formed by AIYGal-YN (0< 
Y<1), and said 4th nitride semi-conductor layer can be formed by InXGal-XN (0<=X<1). Furthermore, it is desirable that 
said 2nd and 4th nitride semiconductor device consists of GaN, respectively. 

[0031] In the 3rd nitride semiconductor device, said 1st nitride semi-conductor layer is formed by AIXGal-XN (0< X<1) in 
said n side distortion super-latticed layer. Form said 2nd nitride semi-conductor layer by AIYGal-YN (0< Y<1, X>Y). and it 
is set to said p side distortion super-latticed layer. Said 3rd nitride semi-conductor layer can be formed by AIXGal-XN 
(0< X<1). and said 4th nitride semi-conductor layer can be formed by AlYGa1-YN {0< Y<1, X>Y). 

[0032] Furthermore, in the 3rd nitride semiconductor device, it is desirable that it is the undoping layer by which, as for 
said 1st nitride semi-conductor layer or said 2nd nitride semi-conductor layer, n mold impurity is not doped, and, as for 
said 3rd nitride semi-conductor layer or said 4th nitride semi-conductor layer, it is desirable that it is the undoping layer 
by which p mold impurity is not doped. 

[0033] moreover, the 1st — the 2nd — it is desirable that said barrier layer contains an InGaN layer in the 3rd nitride 
semiconductor device, and it is still more desirable that said InGaN layer is a quantum well layer. In addition, said barrier 
layer may be single quantum well structure, and may be multiplex quantum well structure. 

[0034] Moreover, the nitride semiconductor device of one mode concerning this invention is a laser oscillation component 
to which said barrier layer is located between the p side cladding layer and the n side cladding layer, and at least one of 
said p side cladding layer and said n side cladding layers is said n side distortion super-latticed layer or said p side 
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distortion super-latticed layer. This can constitute the low laser oscillation component of a threshold current 
[0035] Moreover, it is desirable that consist of a nitride semi-conductor which contains In between said p side cladding 
layer and a barrier layer or in either [ at least ] between said p side cladding layer and a barrier layer, or GaN with said 
laser oscillation component, and the lightguide layer whose high impurity concentration is three or less 1x1019-/cm is 
formed. Since the rate of the absorption of light generated in said barrier layer is low, this lightguide layer has carrying out 
[ little ] extinction of the luminescence of a barrier layer, and can realize the laser component which can be oscillated by 
low interest profit. In order to make the rate of the absorption of light low in this invention, as for the high impurity 
concentration of said lightguide layer, it is more desirable that it is three or less 1x101 8-/cm, it is still more desirable that 
it is three or less 1x1017-/cm, and it is most desirable that it is undoping. In addition, said lightguide layer may be made 
into a superstructure. 

[0036] Furthermore, it is desirable that the cap layer which has larger bandgap energy than the bandgap energy of the well 
layer of a barrier layer and said lightguide layer and which consists of a nitride semi-conductor of 0.1 micrometers or less 
of thickness is formed between said lightguide layers and barrier layers, and, as for the high impurity concentration of the 
cap layer, it is desirable to set it as three or more 1x1018-/cm. Thus, leakage current can be lessened by forming said big 
cap layer of bandgap energy. If this lightguide layer and a cap layer are formed in p electric conduction side nitride semi- 
conductor layer side, they are more effective. 

[0037] moreover, this invention — setting ~ the 1- the 3rd nitride semiconductor device A nitride semi-conductor layer 
is grown up on the different-species substrate which consists of a different ingredient from a nitride semi-conductor. 
After forming a protective coat on the this grown-up nitride semi-conductor layer so that the front face of this nitride 
semi-conductor layer may be exposed partially, it is desirable to form on the nitride semi-conductor substrate which 
consists of a nitride semi-conductor which grew so that said protective coat might be covered from the exposed nitride 
semi-conductor layer, this — the 1- since each class of the 3rd nitride semiconductor device can be formed with 
sufficient crystallinity, the nitride semiconductor device which has the outstanding property can be formed. In the 
invention in this application, this different-species substrate and a protective coat may leave as a substrate the nitride (or 
carried out) semi-conductor layer in which the nitride semiconductor device was formed, and may remove it before 
component growth or after component growth. 
[0038] 

[Embodiment of the Invention] DrawtngJL is the typical sectional view showing the structure of the nitride semiconductor 
device of 1 operation gestalt concerning this invention. The nitride semiconductor device of this operation gestalt is a 
laser component (therefore, only henceforth the laser component of an operation gestalt) of the electrode stripe mold 
which makes a barrier layer end face a resonance side, and drawing 1 shows typically the cross section at the time of 
cutting a component in a direction perpendicular to the resonance direction of a laser beam. Hereafter, the operation 
gestalt of this invention is explained with reference to drawing 1 . 

[0039] First, in drawing 1 , each sign shows the following. 10 grew for example, shows the GaN substrate of 10 
micrometers or more of thickness on the substrate which consists of ingredients, such as the different-species substrate 
which consists of a different ingredient from a nitride semi-conductor, for example, sapphire, a spinel, SiC and Si, GaAs, 
and ZnO. In addition, as shown in drawing 1 . after a different-species substrate forms the GaN substrate 10, it may be 
removed, and it may be used without removing, as shown in the example mentioned later ( drawing 4 ). 1 1 shows the buffer 
layer which consists of an Si dope n mold GaN, and the ** n side contact layer. The n side cladding layer of the 
superstructure to which 12 is in the location distant from the barrier layer, for example, it comes to carry out the 100- 
layer laminating of Si dope n mold aluminum0.2Ga0.8N (1st nitride semi-conductor layer) of 40A of thickness and the 
undoping (undope) GaN layer (2nd nitride semi-conductor layer) of 40A of thickness by turns is shown. 13 is between the 
n side cladding layer 12 and a barrier layer 14, it has bandgap energy smaller than aluminum0.2Ga0.8N of the n side 
cladding layer 12, for example, the n side guide layer which consists of undoping GaN is shown. 14 shows the barrier layer 
of the multiplex quantum well structure of coming by turns to carry out a total of five-layer laminating of three layers of 
well layers which consist of In0.2Ga0.8N of 30A of thickness, and the barrier layer two-layer which consist of 
InO.05GaO.95N which is 30A of thickness with larger bandgap energy than a well layer. 15 is larger than the bandgap energy 
of the well layer of a barrier layer 14, and is larger than the bandgap energy of the p side lightguide layer 16, for example, 
shows the p side cap layer which consists of Mg dope p mold aluminum0.3Ga0.7N. Bandgap energy of this p side cap layer 
15 is preferably made larger than a nitride semi-conductor layer with the smaller bandgap energy of the p side cladding 
layer 1 7 of a superstructure (4th nitride semi-conductor layer). 16 is between the p side cladding layer 1 7 and a barrier 
layer 14, it has bandgap energy smaller than aluminum0.2Ga0.8N of the p side cladding layer 17. for example, the p side 
guide layer which consists of undoping GaN is shown. The p side cladding layer of the superstructure to which 17 is in the 
location distant from the barrier layer, for example, it comes to carry out the 100-layer laminating of Mg dope p mold 
aluminumO.2Ga0.8N of 40A of thickness and the undoping (undope) GaN layer of 40A of thickness by turns is shown. 18 
has bandgap energy smaller than aluminum0.2Ga0.8N of the p side cladding layer 17, for example, shows the p side contact 
layer which consists of a Mg dope GaN. 

[0040] thus, the p side contact layer 18 which the laser component of the operation gestalt of this invention has the 
structure where the laminating of each above-mentioned nitride semi-conductor layers 11-18 was carried out on the GaN 
substrate 10, a stripe ridge is formed and the nitride semi-conductor layer of the p side cladding layer 1 7 to a top has in 
the ridge outermost surface — the p electrode 21 is mostly formed in the whole surface. On the other hand, it is etched 
from the nitride semi-conductor layer upper part, and the n electrode 23 is formed in the front face of the exposed n side 
buffer layer 11. With the gestalt of this operation, although the n electrode 23 is formed in the front face of the n side 
buffer layer 11, since the GaN substrate 10 is used as a substrate, even the GaN substrate 10 can etch the part which 
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forms n electrode, the front face of the GaN substrate 10 can be exposed, and it can also consider as the structure of 
forming n electrode in the front face of the exposed GaN substrate 10, and preparing p electrode and n electrode in the 
same field side. Moreover, the insulator layer 25 which consists of Si02 is formed in the nitride semi-conductor front face 
exposed between the n electrode 23 and the p electrode 21, and p pad electrode 22 and n pad electrode 24 are formed in 
it as an object for bondings through the window part of the insulator layer 25, respectively. In addition, as stated also in 
advance, in this specification, the nitride semi-conductor layer between a barrier layer and p electrode is not concerned 
with the conductivity type of a nitride semi-conductor layer, but is called p side nitride semi-conductor layer, names [ it 
names generically, and ] generically the nitride semi-conductor layer between the barrier layer and GaN substrate 10, and 
calls it the n side nitride semi-conductor layer. 

[0041] With the laser component of the operation gestalt of this invention, the laminating of the 1st nitride semi-conductor 
layer with big bandgap energy and the 2nd nitride semi-conductor layer with bandgap energy smaller than the 1st nitride 
semi-conductor layer is carried out to the location left with the barrier layer 14 in the n side nitride semi-conductor layer 
in the lower part of a barrier layer 14 shown in drawing 1 , and it has the n side cladding layer 12 of the superstructure 
from which high impurity concentration differs mutually. 100A or less of 70A or less of thickness of the 1st nitride semi- 
conductor layer which constitutes a superiattice layer, and the 2nd nitride semi-conductor layer is most preferably 
atiiusted to 10-40A thickness still more preferably. When thicker than 100A, the 1st nitride semi-conductor layer and the 
2nd nitride semi-conductor layer serve as thickness beyond an elastic distortion limitation, and it is in the inclination for a 
very small crack or a crystal defect to tend to enter into the film. Although not to limit especially the minimum of the 
thickness of the 1st nitride semi-conductor layer and the 2nd nitride semi-conductor layer but what is necessary is Just 
one or more atomic layers in this invention, 10A or more is the most desirable as mentioned above. Make it still the nitride 
semi-conductor which contains aluminum at least, and more desirable [ the 1st nitride semi-conductor layer] for AlXGal- 
XN (0< X<=1) to grow preferably. On the other hand, although what kind of thing may be used as long as the 2nd nitride 
semi-conductor is a nitride semi-conductor with bandgap energy smaller than the 1st nitride semi-conductor, mixed 
crystal and the nitride semi-conductor of 3 yuan mixed crystal are easy to grow up 2 yuan like [ it is desirable and ] 
AIYGal-YN (0<=Y<1, X>Y) and InZGal-ZN (0<=Z<1), and a crystalline good thing is easy to be obtained, the purpose 
which obtains especially the superiattice which set the 1st nitride semi-conductor to AIXGal-XN (0< X<1) which does not 
contain In and Ga, set the 2nd nitride semi-conductor to InZGal-ZN {0<=Z<1) which does not contain aluminum, and was 
excellent in crystallinity especially preferably also in it — it is — aluminum mixed-crystal ratio (Y value) — 0.3 or less 
AIXGal- the combination of XN (0< X<=0.3) and GaN is the most desirable. 

[0042] Moreover, when the 1st nitride semi-conductor is formed using AIXGal-XN (0< X<1) and the 2nd nitride semi- 
conductor is formed using GaN, it has the advantage which was excellent on the following manufactures. That is. in 
formation of the AIXGal-XN (0< X<1) layer by the organic metal gas layer grown method (MOCVD), and a GaN layer, any 
layer can be grown up in the same H2 ambient atmosphere. Therefore, a superiattice layer can be formed by growing up an 
AIXGal-XN (0< X<1) layer and a GaN layer by turns, without changing an ambient atmosphere. This is an advantage very 
big when manufacturing the superiattice layer which needs to carry out the laminating of several ten to several 100 layers, 
and needs to form them. 

[0043] When forming a cladding layer as an optical confinement layer and a carrier confining layer, it is necessary to grow 
up a nitride semi-conductor with larger bandgap energy than the well layer of a barrier layer. It is the high nitride semi- 
conductor of the big nitride semi-conductor layer of bandgap energy, i.e., aluminum mixed-crystal ratio. In the former, if 
the high nitride semi-conductor of aluminum mixed-crystal ratio was grown up with a thick film, since a crack would 
become easy to enter, crystal growth was very difficult, however, the AlGaN layer as 1st nitride semi-conductor layer 
which constitutes a superiattice layer if it is made a superiattice layer like this invention — some of aluminum mixed- 
crystal ratios — since it is made to grow up by the thickness below elastic criticality thickness also as a high layer, a 
crack cannot enter easily. Therefore, since the high layer of aluminum mixed-crystal ratio can be grown up with sufficient 
crystallinity in this invention, the high cladding layer of optical confinement and a carrier locked-in effect can be formed, 
and Vf (forward voltage) can be reduced in threshold voltage and an LED component with a laser component 
[0044] Furthermore, with the laser component of the gestalt of operation concerning this invention, it sets up so that n 
mold high impurity concentration of the 1st nitride semi-conductor layer of this n side cladding layer 12 and the 2nd 
nitride semi-conductor layer may differ mutually. This is called the so-called modulation dope, and if it is small in n mold 
high impurity concentration of one layer and dopes in another layer at high concentration as a condition (undoping) which 
does not dope an impurity preferably, it can reduce threshold voltage, Vf, etc. It is because this can form a superiattice 
layer while carrier concentration has been high when the mobility of the layer becomes large and the layer of high 
concentration [ high impurity concentration ] also exists in coincidence by making a layer with low high impurity 
concentration exist in a superiattice layer. That is, when a layer with high mobility with low high impurity concentration and 
a layer with large carrier concentration with high high impurity concentration exist in coincidence, carrier concentration is 
large, and since a layer also with large mobility turns into a cladding layer, it is guessed that threshold voltage and Vf fall. 
[0045] When an impurity is doped in the big nitride semi-conductor layer of bandgap energy at high concentration, two 
dimensional electron gas can be done by this modulation dope between a high high-impurity-concentration layer and a low 
high-impurity-concentration layer, and it is guessed that resistivity falls under the effect of this two dimensional electron 
gas. For example, in the superiattice layer which carried out the laminating of the large nitride semi-conductor layer of the 
band gap by which n mold impurity was doped, and the nitride semi-conductor layer of undoping with a small band gap, by 
the heterojunction interface of the layer which added n mold impurity, and the layer of undoping. a barrier layer side 
depletion-izes and an electron (two dimensional electron gas) is accumulated in the interface before and behind the 
thickness by the side of the small layer of a band gap. In order not to receive dispersion by the impurity when an electron 
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runs since this two dimensional electron gas turns on a small band gap side, the mobility of the electron of superlattice 
becomes high and resistivity falls. In addition, it is guessed that the modulation dope by the side of p is similarly depended 
on the effect of 2-dimensional electron hole gas. Moreover, in the case of p layers, as compared with GaN, resistivity of 
AIGaN is high. Then, when a component is produced since the substantial resistivity of a superlattice layer falls in order 
for resistivity to fall to the direction of AIGaN by doping many p mold impurities, it is guessed that it is in the inclination 
for a threshold to fall. 

[0046] On the other hand, when an impurity is doped in the small nitride semi-conductor layer of bandgap energy at high 
concentration, it is guessed that there are the following operations. For example, when Mg is doped with tales doses in an 
AIGaN layer and a GaN layer, the depth of the acceptor level of Mg is large and the rate of activation is small in an AIGaN 
layer. On the other hand, the depth of the acceptor level of a GaN layer is shallow compared with an AIGaN layer, and the 
rate of activation of Mg is high. For example, even if it dopes Mg 1x1020-/cm3, by AIGaN, only about three 1x101 7-/cm 
carrier concentration is obtained to being about three 1x1018-/cm carrier concentration in GaN. So, in this invention, the 
superlattice of high carrier concentration is obtained by considering as superlattice by AIGaN/GaN and doping many 
impurities to the direction which is the GaN layer from which high carrier concentration is obtained. And since it is 
considering as superlattice. in order that a carrier may move an AIGaN layer with little high impurity concentration by the 
tunnel effect, substantially, a carrier does not receive an operation of an AIGaN layer but an AIGaN layer acts as a high 
cladding layer of bandgap energy. Therefore, even if it dopes many impurities in the nitride semi-conductor layer of the 
one where bandgap energy is small, it is very effective when reducing the threshold of a laser component and an LED 
component. In addition, although this explanation explained the example which forms superlattice in p type layer side, when 
forming superlattice in a n layer side, there is same effectiveness. 

[0047] the case where bandgap energy dopes many n mold impurities in the 1st large nitride semi-conductor layer — as 
the desirable amount of dopes to the 1st nitride semi-conductor layer — three to 1x1020/cm3 of 1x1017-/cm — it 
actjusts to the range of three to 5x1019/cnn3 of 1x1018— /cm still more preferably. When fewer than 1x1017— /cm3, a 
difference with the 2nd nitride semi-conductor layer decreases, and it is in the inclination for a layer with large carrier 
concentration to be hard to be obtained, and when [ than 1x1020-/cm3 ] more, it is in the inclination for the leakage 
current of the component itself to tend to increase. On the other hand. 1/10 or more little more desirable one of n mold 
high impurity concentration of the 2nd nitride semi-conductor layer is [ that what is necessary is just fewer than the 1st 
nitride semi-conductor layer ] desirable. If it is undoping most preferably, a layer with the highest mobility will be obtained, 
but since thickness is thin, there is an n mold impurity diffused from a 1st nitride semi-conductor side, and the amount 
has three or less desirable 1x1019-/cm. as n mold impurity — the [. such as Si. germanium. Se. S, and 0, / periodic 
table ] — an IVB group and a VIB group element are chosen and let Si, germanium, and S be n mold impurities preferably. 
This operation is also the same as when bandgap energy dopes n mold impurity few in the 1st large nitride semi-conductor 
layer and dopes many n mold impurities in the 2nd nitride semi-conductor layer with small bandgap energy. 
[0048] Moreover, with the laser component of the gestalt of operation of this invention, it has the p side cladding layer 17 
of the superstructure fr-om which it comes to carry out the laminating of the 3rd nitride semi-conductor layer with big 
bandgap energy, and the 4th nitride semi-conductor layer with bandgap energy smaller than the 3rd nitride semi-conductor 
layer to the location left with the barrier layer 14 in the p side nitride semi-conductor layer in the upper part of a barrier 
layer 14 shown in drawing 1 . and mutual high impurity concentration differs. 100A or less of 70A or less of thickness of 
the 3rd and 4th nitride semi-conductor layer which constitutes the superlattice layer of this p side cladding layer 1 7 as 
well as the n side cladding layer 12 is most preferably adjusted to 10-40A thickness still more preferably. Similarly, as for 
the 3rd nitride semi-conductor layer, it is desirable the nitride semi-conductor which contains aluminum at least, and to 
grow up AIXGal-XN (0< X<=1) preferably, and, as for the 4th nitride semi-conductor, it is desirable to grow up mixed 
crystal and the nitride semi-conductor of 3 yuan mixed crystal of 2 yuan like [ it is desirable and ] AIYGa1-YN (0<=Y<1 
X>Y) and InZGal -ZN (0<=Z<=1 ). 

[0049] Although the superstructure of the operation given to a laser component is the same as that of an operation of the 
n side cladding layer 12 if the p side cladding layer 17 is made into a superstructure, in addition to the case where it forms 
in a n more layer side, there are the following operations. That is, compared with n mold nitride semi-conductor, resistivity 
is usually high [ p mold nitride semi-conductor ] double or more figures. Therefore, by forming a superlattice layer in a p 
layer side, the effectiveness which makes threshold voltage low shows up notably. If it explains in detail, it is known that a 
nitride semi-conductor is a semi-conductor with which p mold crystal is very hard to be obtained. In order to obtain p 
mold crystal, annealing of the nitride semi-conductor layer which doped p mold impurity is carried out, and the technique 
of removing hydrogen is known (patent No. 2540791). However, even if it says that p mold was obtained, the several or 
more ohm-cm resistivity exists. Then, since crystallinity becomes good and resistivity falls single or more figures by using- 
this p type layer as a superlattice layer, threshold voltage can be made low. 

[0050] p mold high impurity concentration of the 3rd nitride semi-conductor layer of the p side cladding layer 1 7 and the 
4th nitride semi-conductor layer differs, it is large in the high impurity concentration of one layer, and high impurity 
concentration of another layer is made small. If p mold high impurity concentration in the direction of the 3rd nitride semi- 
conductor layer with big bandgap energy is enlarged, it is small and 4th p mold high impurity concentration with small 
bandgap energy is undoping preferably like the n side cladding layer 12, threshold voltage. Vf, etc. can be reduced. 
Moreover, the reverse configuration is also possible. That is, p mold high impurity concentration of the 3rd nitride semi- 
conductor layer with big bandgap energy may be made small, and p mold high impurity concentration of the 4th nitride 
semi-conductor layer with small bandgap energy may be enlarged. A reason is as having stated previously. 
[0051] as the desirable amount of dopes to the 3rd nitride semi-conductor layer — three to 1x1021/cm3 of 1x101 8-/cm 
— it adjusts to the range of three to 5x1020/cm3 of 1x1019-/cm still more preferably. When fewer than 1x1018-/cm3. a 
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difference with the 4th nrtride semi-conductor layer decreases similarly, and it is in the inclination for a layer with large 
carrier concentration to be hard to be obtained similarly, and when [ than 1x1021-/cm3 ] more, it is in the inclination for 
crystallinity to worsen. On the other hand, 1/10 or more little more desirable one of p mold high impurity concentration of 
the 4th nitride semi-conductor layer is [ that what is necessary is just fewer than the 3rd nitride semi-conductor layer ] 
desirable. In order to obtain a layer with the highest mobility, considering as undoping is most desirable. Actually, since 
thickness is thin, it is thought that there is a p mold impurity diffused from a 3rd nitride semi-conductor side, but in order 
to obtain a good result in the invention in this application, the amount has three or less desirable 1x1020-/cm. in addition 
— as p mold impurity — the [, such as Mg, Zn, calcium, and Be, / periodic table ] — an DA group and an IIB group element 
are chosen and let Mg, calcium, etc. be p mold impurities preferably. This operation is also the same as when bandgap 
energy dopes p mold impurity few in the 3rd large nitride semi-conductor layer and dopes many p mold impurities in the 
4th nitride semi-conductor layer with small bandgap energy. 

[0052] In the nitride semi-conductor layer which constitutes superlattice further again, the layer in which an impurity is 
doped by high concentration The high impurity concentration of a semi-conductor layer center section (location distant 
from the 2nd nitride semi-conductor layer or the 4th nitride semi-conductor layer) is large to the thickness direction 
respectively. The thing with the small (it undopes preferably) high impurity concentration near the both ends (part close to 
the 2nd nitride semi-conductor layer or the 4th nitride semi-conductor layer) made like is desirable. Although an electron 
is taken out to a conduction band as a donor since AIGaN has doped Si when are explained concretely and a superlattice 
layer is formed in AIGaN which doped Si. for example as an n mold impurity, and the GaN layer of undoping, an electron 
falls to the conduction band of GaN with low potential. Since the donor impurity is not doped during a GaN crystal, 
dispersion of the carrier by the impurity is not received. Therefore, an electron can move easily in a GaN crystal and the 
mobilrty of a substantial electron becomes high. This is similar with the effectiveness of the two dimensional electron gas 
mentioned above, the substantial mobility of an electronic longitudinal direction becomes high, and resistivity becomes 
small. Furthermore, in large AIGaN of bandgap energy, if n mold impurity is doped to the central field comparatively distant 
from the GaN layer at high concentration, effectiveness will be made still more greatly. That is. the electron which passes 
the part near an AIGaN layer among the electrons which move in the inside of GaN receives somewhat dispersion of n 
mold impurity ion (Si in this case) in the part close to the GaN layer in an AIGaN layer. However, if the part close to a GaN 
layer is undoping, since the electron which passes the part near an AIGaN layer will stop being able to receive dispersion 
of Si easily in an AIGaN layer as mentioned above, the mobility of an undoping GaN layer improves further. Although 
operations differ a little, it is desirable for there to be effectiveness which was similar also when superlattice was 
constituted from the 3rd near p layer nitride semi-conductor layer and the 4th nitride semi-conductor layer, and to dope 
many p mold impurities to the center-section field of the 3rd nitride semi-conductor layer where bandgap energy is large, 
and to lessen the part close to the 4th nitride semi-conductor layer, or to consider as undoping. Although the layer which, 
on the other hand, doped many n mold impurities in the small nitride semi-conductor layer of bandgap energy can also be 
considered as the configuration of said high impurity concentration, in the superlattice which doped many impurities to the 
small one of bandgap energy, the effectiveness is in few inclinations. 

[0053] As mentioned above, although it explained using the n side cladding layer 12 and the p side cladding layer 17 as a 
superlattice layer, in addition to this in this invention, a superlattice layer can make a superstructure the n side buffer 
layer 1 1 as a contact layer, the n side lightguide layer 13, the p side cap layer 15, the p side lightguide layer 16, and p side 
contact layer 18 grade. That is, it can consider as a superlattice layer in the layer which is separated from a barrier layer, 
the layer which touched the barrier layer, and every layer. If the n side buffer layer 11 in which especially n electrode is 
formed is used as superlattice, effectiveness similar to said HEMT will tend to show up. 

[0054] Furthermore, in the laser component of the operation gestalt of this invention, as shown in drawing 1 , the n side 
lightguide layer 13 in which impurity (n mold impurity in this case) concentration was adjusted to three or less 1x1019-/cm 
is formed between the n side cladding layers 12 and barrier layers 14 which consist of a superlattice layer. In this 
invention, although n mold impurity may spread and enter from other layers also as undoping, if this n side lightguide layer 
13 is the three or less 1x1019-/cm amount of dopes, it will operate as a lightguide layer and will not spoil the 
effectiveness of the invention in this application. However, in this invention, as for the high impurity concentration of the n 
side lightguide layer 13. it is desirable that it is three or less 1x1018-/cm, it is still more desirable that it is three or less 
1x101 7-/cm, and it is most desirable that it is undoping. Moreover, as for this n side lightguide layer, it is desirable to 
constitute from a nitride semi-conductor containing In or GaN. 

[0055] Moreover, in the laser component of an operation gestalt the p side lightguide layer 16 in which impurity (p mold 
impurity in this case) concentration was adjusted to three or less 1x101 9-/cm is formed between the p side cladding 
layers 17 and barrier layers 14 which consist of a superlattice layer. In this invention, although the high impurity 
concentration of the p side guide layer 16 should just be three or less 1x1019-/cm. desirable high impurity concentration 
is three or less 1x101 8-/cm. and is most preferably considered as undoping. Although the conductivity of n mold is usually 
shown when it is undoping in the case of a nitride semi-conductor, any of n or p are sufficient as this invention, and it 
calls the conductivity type of this p side guide layer 16 the p side lightguide layer irrespective of a conductivity type in this 
specification. Moreover, in fact, p mold impurity is spread from other layers, and it may go into this p side lightguide layer 
16. In addition, it is desirable to also constitute this p side lightguide layer from a nitride semi-conductor containing In or 
GaN. 

[0056] It is as follows a make [ the nitride semi-conductor of undoping / to exist between a barrier layer and a cladding 
layer ] why is desirable. That is, in the case of a nitride semi-conductor, 360-520nm especially of luminescence of a 
barrier layer is usually designed for the purpose of 380-450nm. The nitride semi-conductor of undoping has the low rate of 
the absorption of light which has said wavelength as compared with the nitride semi-conductor which doped n mold 
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impurity and p mold impurity. Therefore, since it is rare to carry out extinction of the luminescence of a barrier layer by 
inserting the nitride senni-conductor of undoping between the barrier layer which emits light, and the cladding layer as an 
optical confinement layer, the laser component oscillated by low interest profit can be realized, and threshold voltage can 
be made low. In addition, the high impurity concentration of a lightguide layer can check this effectiveness, if it is three or 
less 1x1019-/cm. 

[0057] Therefore, as a desirable combination of this invention, it has the cladding layer which has the superstructure by 
which the modulation dope of the impurity was carried out in the barrier layer and the distant location, and high impurity 
concentration is the low light emitting device which has the guide layer of undoping preferably between the cladding layer 
and barrier layer. 

[0058] As a still more desirable mode, by the light emitting device of this invention, the p side cap layer 15 which consists 
of a nitride semi-conductor of 0.1 micrometers or less of thickness which has larger bandgap energy than the bandgap 
energy of well layer [ of a barrier layer ] and p side guide layer 16 interface is formed between the p side guide layer 16 
and the barrier layer 14, and the high impurity concentration of the p side cap layer is actjusted to three or more 1x1018- 
/cm. 0.1 micrometers or less of 500A or less of thickness of this p mold cap layer 15 are most preferably actjusted to 
300A or less still more preferably. It is because a crack becomes easy to enter into p mold cap layer 1 5 and a crystalline 
good nitride semi-conductor layer cannot grow easily, if it is made to grow up by thickness thicker than 0.1 micrometers. 
Thus, when bandgap energy touches a barrier layer and forms a big layer with a thin film 0.1 micrometers or less, it is in 
the inclination whose leakage current of a light emitting device decreases. Since it collects in a barrier layer and the 
probability of the recombination of an electron and an electron hole becomes high with the obstruction of the energy 
barrier of a cap layer, the electron poured in from the n layer side by this can raise the output of the component itself. 
Moreover, it is necessary to acUust high impurity concentration to three or more 1x1018-/cm. This cap layer is a layer 
with comparatively high aluminum mixed-crystal ratio, and the high layer of aluminum mixed-crystal ratio tends to become 
high resistance, for this reason — if carrier concentration is made high and resistivity is not lowered by doping an impurity 
this layer high — it is because it is in the inclination to become like i layers [ **** ], to become p-i-n structure, and 
for a cun-ent potential property to worsen. In addition, the cap layer in this p side may be formed in the n side. When 
forming in the n side, even if it dopes n mold impurity, it is not necessary to carry out. 

[0059] Since the laser component of the operation gestalt constituted as mentioned above constitutes the n side cladding 
layer 1 2 and the p side cladding layer 17 from a superstructure, it can make low the electric resistance of the n side 
cladding layer 12 and the p side cladding layer 17, and can make threshold voltage low, and. moreover, the laser oscillation 
of long duration is possible for it. Moreover, with the laser component of this operation gestalt also besides constituting 
the n side cladding layer 12 and the p side cladding layer 17 from a superstructure, as mentioned above, various means are 
provided, and reduction of the further threshold voltage is enabled. 

[0060] Although the n side cladding layer 12 and the p side cladding layer 17 were made into the superstructure with the 
above operation gestalt. this invention is good also considering either not only of this but the n side cladding layers 12 and 
the p side cladding layers 17 as a superstructure. Even if it makes it be above, threshold voltage can be made low as 
compared with the conventional example. 

[0061] Moreover, although the n side cladding layer 12 and the p side cladding layer 17 were made into the superstructure 
with the operation gestalt, as for this invention, any one or more of the nitride semi-conductor layers by the side of p not 
only this but other than n side cladding layer 12 and p side cladding layer 17 and n should just be a superstructure. Even if 
constituted as mentioned above, threshold voltage can be made low as compared with the conventional example. 
[0062] Although the n side cladding layer 12 and the p side cladding layer 17 were made into the superstructure in the 
laser component with the above operation gestalt, it cannot be overemphasized that this invention is applicable to other 
nitride semiconductor devices, such as not only this but light emitting diode (LED). By constituting as mentioned above, Vf 
(forward voltage) can be lowered with light emitting diode. 
[0063] 

[Example] Hereafter, the example of this invention is explained in full detail based on drawing 1 and drawing 2 . Drawing 2 
is the perspective view showing the configuration of the laser component of drawing 1 . 

[0064] The GaN substrate 10 into which the single crystal which consists of GaN through the buffer layer which consists 
of GaN on the substrate which consists of [example 1] sapphire (C side) was grown up by 50-micrometer thickness is 
prepared. This GaN substrate 10 is set in a reaction container, temperature is raised to 1050 de^ees C, hydrogen is used 
for carrier gas, silane gas is used for material gas as ammonia, TMG (trimethylgallium), and impurity gas, and the n side 
buffer layer 11 which consists of GaN which doped Si 1x1018-/cm3 on the GaN substrate 10 is grown up by 4-micrometer 
thickness. This buffer layer acts also as a contact layer for forming n electrode, when the light emitting device of structure 
like drawi ng ,! is produced. Furthermore, this n side buffer layer is a buffer layer grown up at an elevated temperature, for 
example, the buffer layer which grows up GaN, AIN, etc. directly by thickness 0.5 micrometers or less in low temperature 
900 degrees 0 or less on the substrate which consists of sapphire, SiO. and a different ingredient from a nitride semi- 
conductor object like a spinel is distinguished. 

[0065] (n side cladding layer 12= superlattice layer) Then, the 1st layer which consists of n mold aluminum0.2Ga0.8N which 
doped Si 1x1019-/cm3 using TMA (trimethylaluminum), TMG. ammonia, and silane gas at 1050 degrees C is grown up by 
40A thickness, and the 2nd layer which consists silane gas and TMA of GaN of a stop and undoping continuously is grown 
up by 40A thickness, and 1st layer + 2nd layer + 1st layer + 2nd layer + ... as — a superlattice layer is constituted, the 
laminating of every 100 layers is carried out by turns, respectively, and the n side cladding layer 12 which consists of 
superlattice of the 0.8 micrometers of the total thickness is grown up. 

[0066] (n side lightguide layer 13) Then, the n side lightguide layer 13 which consists silane gas of undoping GaN at a stop 
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and 1050 degrees C is grown up by 0.1 -micrometer thickness. As for this n side lightguide layer, it is desirable to act as a 
lightguide layer of a barrier layer and to grow up GaN and InGaN. and it is usually desirable to make it grow up by 200A - 1 
micrometer thickness still more preferably 100A - 5 micrometers. Moreover, it can also consider as the superlattice layer 
of undoping of this layer. In considering as a superlattice layer, bandgap energy is larger than a barrier layer, and it makes 
it smaller than aluminunri0.2Ga0.8N of the n side cladding layer. 

[0067] (Barrier layer 14) Next TMG, TMI, and ammonia are used for material gas. and a barrier layer 14 is grown up. A 
barrier layer 14 holds temperature at 800 degrees C, and grows up the well layer which consists of undoping In0.2Ga0.8N 
by 25A thickness. Next, the barrier layer which consists of undoping In0.01GaO.95N at the same temperature only by 
changing the mole ratio of TMI is grown up by 50A thickness. This actuation is repeated twice and the barrier layer of the 
nnultipiex quantum well structure (MQW) of the 175A of the total thickness which carried out the laminating of the well 
layer to the last is grown up. Undoping is sufficient as a barrier layer like this example, and it may dope n mold impurity 
and/or p mold impurity. An impurity may be doped to both a well layer and a barrier layer, and may be doped to either. 
[0068] (p side cap layer 15) Next, temperature is raised to 1050 degrees C and the p side cap layer 17 which consists of p 
mold aluminum0.3Ga0.7N with larger bandgap energy which doped Mg 1x1020-/cm3 than the p side lightguide layer 16 is 
grown up by 300A thickness using TMG, TMA. ammonia, and Cp2Mg (magnesium cyclopentadtenyl). It is desirable to form 
by thickness 10A or more, although it forms in Atsu 0.1 micrometers or less to roll and especially the minimum of 
thickness is not limited as this p mold cap layer 15 was described above. 

[0069] (p side lightguide layer 16) continuing — Cp2 — the p side lightguide layer 16 which bandgap energy becomes from 
the undoping GaN smaller than the p side cap layer 15 at a stop and 1050 degrees C about Mg and TMA is grown up by 
0.1 -micrometer thickness. As for this layer, it is desirable to act as a lightguide layer of a barrier layer and to make it grow 
up by GaN and InGaN as well as n mold lightguide layer 1 3. In addition, it can also consider as the superlattice layer which 
consists of a nitride semi-conductor of undoping of this p side lightguide layer, and a nitride semi-conductor which doped 
the impurity. In considering as a superlattice layer, bandgap energy is larger than the well layer of a barrier layer, and it 
makes it smaller than aluminum0.2Ga0.8N of the p side cladding layer. 

[0070] (p side cladding layer 17) Then, the 3rd layer which consists of p mold aluminum0.2GaO.BN which doped Mg 1x1020- 
/cm3 at 1050 degrees C is grown up by 40A thickness, and the 4th layer which consists only TMA of a stop and undoping 
GaN continuously is grown up by 40A thickness. And this actuation is repeated 100 times, respectively and the p side 
cladding layer 17 which consists of a superlattice layer of the 0.8 micrometers of the total thickness is formed. 
[0071] (p side contact layer 18) The p side contact layer 18 which finally consists of a p mold GaN which doped Mg 
2x1020-/cm3 on the p side cladding layer 17 at 1050 degrees 0 is grown up by 150A thickness. The p side contact layer 
18 can be constituted from InXAlYGa1-X-YN (0 <=X. 0<=Y. X+Y<=1) of p mold, and GaN which doped Mg preferably, then 
the p electrode 21 and the most desirable ohmic contact are acquired. Moreover, since the p side cladding layer 17 of the 
superstructure containing p mold AIYGal-YN is touched and the thickness is made thin with 500A or less by using the 
small nitride semi-conductor of bandgap energy as the p side contact layer, the carrier concentration of the p side 
contact layer 18 becomes high substantially, p electrode and desirable OMIKKU are obtained, and the threshold current of 
a component and an electrical potential difference fall. 

[0072] Annealing is performed for the wafer into which the nitride semi-conductor was grown up as mentioned above at . 
700 degrees C among nitrogen-gas-atmosphere mind in a reaction container, and the layer which doped p mold impurity is 
made to form into low resistance further. 

[0073] As a wafer is picked out from a reaction container after annealing and it is shown in drawing 1 . the p side contact 
layer 1 8 of the maximum upper layer and the p side cladding layer 1 7 are etched with an RIE system, and it considers as 
the ridge configuration which has stripe width of face of 4 micrometers. Thus, by making the layer above a barrier layer 
into a stripe-like ridge configuration, luminescence of a barrier layer comes to concentrate on the bottom of a stripe ridge, 
and a threshold falls. It is desirable to make into a ridge configuration the 17 or more p side cladding layers layer which 
consists especially of a superlattice layer. 

[0074] Next, a mask is formed in a ridge front face, it etches in RIE, and the front face of the n side buffer layer 1 1 is 
exposed. This exposed n side buffer layer 1 1 acts also as a contact layer for forming the n electrode 23. In addition, 
although the n side buffer layer 1 1 is used as the contact layer in drawing 1 . even the GaN substrate 10 can etch and the 
exposed GaN substrate 10 can also be used as a contact layer. 

[0075] Next, the p electrode 21 which consists of nickel and Au is formed in the ridge outermost surface of the p side 
contact layer 18 in the shape of a stripe. As an ingredient of the p electrode 21 with which the p side contact layer and 
desirable OMIKKU are obtained, nickel, Pt, Pd, nickel/Au, Pt/Au, Pd/Au, etc. can be mentioned, for example. 
[0076] It forms in the front face of the n side buffer layer 1 1 to which the point, on the other hand, exposed the n 
electrode 23 which consists of Ti and aluminum in the shape of a stripe. As an ingredient of the n electrode 23 with which 
the n side buffer layer 11 or the GaN substrate 10, and desirable OMIKKU are obtained, a metal or alloys, such as 
aluminum. Ti, W, Cu, Zn, Sn, and In, are desirable. 

[0077] Next, as shown in drawing 1 . the insulator layer 25 which consists of Si02 is formed in the front face of the nitride 
semi-conductor layer exposed between the p electrode 21 and the n electrode 23. and p pad electrode 22 electrically 
connected with the p electrode 21 through this insulator layer 25 and n pad electrode 24 are formed. This p pad electrode 
22 extends the surface area of the substantial p electrode 21. and has wire bonding and the operation which can be made 
to carry out die bonding in p electrode side. On the other hand, n pad electrode 24 has the operation which prevents 
peeling of the n electrode 23. 

[0078] The wafer which formed n electrode and p electrode as mentioned above is transported to polish equipment, the 
silicon on sapphire of the side which does not form the nitride semi-conductor is wrapped using a diamond abrasive 
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material, and thickness of silicon on sapphire is set to 70 micrometers. After wrapping, it polishes 1 micrometer by the still 
finer abrasive material, a substrate front face is made into the shape of a mirror plane, and metallizing of the whole surface 
is carried out by Au/Sn. 

[0079] Then, the scribe of the Au/Sn side is carried out, cleavage is carried out to the shape of a bar in a direction 
perpendicular to a stripe-like electrode, and a resonator is produced to a cleavage plane. The dielectric multilayers which 
consist of Si02 and Ti02 were formed in the resonator side, and finally, in the direction parallel to p electrode, the bar was 
cut and it considered as the laser chip. Next, when the chip was installed in the heat sink by face up (condition which the 
substrate and the heat sink countered), wire bonding of each electrode was carried out and laser oscillation was tried at 
the room temperature, in the room temperature, by threshold-current consistency 2.0 kA/cm2 and threshold voltage 4.0V, 
continuous oscillation with an oscillation wavelength of 405nm was checked, and the life of 1000 hours or more was shown. 

[0080] [Example 2] drawing 3 is the typical sectional view showing the structure of the laser component concerning other 
examples of this invention, and shows drawing at the time of cutting a component in the direction [ same with drawing 1 ] 
perpendicular to the resonance direction of a laser beam. An example 2 is explained below based on this drawing. In 
addition, in drawing 3 . the same sign is attached and shown in the same thing as drawing ^ and drawing 2 . 
[0081] The GaN substrate 10 into which the single crystal which consists of GaN which doped Si 5x1018-/cm3 through 
the buffer layer which consists of GaN on the substrate which consists of sapphire (C side) was grown up by 150- 
micrometer thickness is prepared. The n side buffer layer 11 is grown up like an example 1 on this GaN substrate 10. 
[0082] (Crack prevention layer 19) Temperature is made into 800 degrees G after n side buffer layer 1 1 growth, silane gas 
is used for material gas at TMG, TMI, ammonia, and impurity gas, and the crack prevention layer 19 which consists of 
In0.1Ga0.9N which doped Si 5x1018-/cm3 is grown up by 500A thickness. This crack prevention layer 19 can prevent that 
a crack enters into the nitride semi-conductor layer containing aluminum the nitride semi-conductor of n mold containing 
In, and by making it grow up by InGaN preferably. In addition, as for this crack prevention layer, it is desirable to make it 
grow up by thickness (100A or more and 0.5 micrometers or less). If thinner than 100A, it will be hard to act as crack 
prevention as mentioned above, and when thicker than 0.5 micrometers, it is in the inclination for the crystal itself to be 
discolored in black. 

[0083] The n side cladding layer 12 which consists of superlattice by which the modulation dope was carried out like an 
example 1 after crack prevention layer 19 growth, and the undoping n side lightguide layer 13 are grown up. 
[0084] (n side cap layer 20) The n side cap layer 20 which consists of n mold aluminum0.3Ga0.7N which continued and 
doped Si w^ith larger bandgap energy than the n side lightguide layer 13 5x1018-/cm3 using TMG, TMA, ammonia, and 
silane gas is grown up by 300A thickness. 

[0085] The rest grows up a barrier layer 14. the p side cap layer 15, the undoping p side lightguide layer 16, the p side 
cladding layer 17 that consists of superlattice by which the modulation dope was carried out, and the p side contact layer 
18 like an example 1. 

[0086] After nitride semi— conductor layer growth, the layer which doped p mold impurity is made to form into low 
resistance further, and as shown in drawing 3 , the p side contact layer 18 of the maximum upper layer and the p side 
cladding layer 17 are etched, and annealing is performed similarly and it considers as the ridge configuration which has 
stripe width efface of 4 micrometers after annealing. 

[0087] The p electrode 21 which consists of nickel/Au is formed in the ridge outermost surface of the p side contact layer 
18 in the shape of a stripe after ridge formation, the insulator layer 25 which becomes that of the nitride semi-conductor 
layer of the outermost surfaces other than p electrode 21 from Si02 is formed, and p pad electrode 22 electrically 
connected with the p electrode 21 through this insulator layer 25 is formed. 

[0088] The wafer which formed p electrode as mentioned above is transported to polish equipment polish removes silicon 
on sapphire, and the front face of the GaN substrate 10 is exposed. The n electrode 23 of the exposed GaN substrate 
front face which becomes the whole surface from Ti/aluminum is formed mostly. 

[0089] Cleavage is carried out by the Mth page (field which is equivalent to the side face of a hexagonal prism when a 
nitride semi-conductor is approximated with hexagonal system) of the GaN substrate after electrode formation, and the 
dielectric multilayers which become the cleavage plane from Si02 and Ti02 are formed, and finally, in a direction parallel 
to p electrode, a bar is cut and it considers as a laser component This laser component showed continuous oscillation in 
the room temperature similarly, and showed the property almost equivalent to an example 1. 

[0090] In the [example 3] example 1, the crack prevention layer 19 is grown up like an example 2 after n side buffer layer 
11 growth. Next, the n side cladding layer 12 which consists only of an aluminum0.3Ga0.7N layer monolayer which doped Si 
1x101 9-/cm3 on the crack prevention layer is grown up by 0.4-micrometer thickness. Like the example 1, although the 
rest similarly showed laser oscillation at the room temperature when the laser component was produced, the life became 
short a little rather than the laser component of an example 1. 

[0091] In the [example 4] example 1, although the room temperature similarly showed laser oscillation when the 
aluminum0.3Ga0.7N layer monolayer which doped Mg 1x1020-/cm3 at the time of p side cladding layer 17 growth was 
grown up by 0.4-micrometer thickness and also the laser component was produced like the example 1, the life became 
short a little rather than the laser component of an example 1. 

[0092] In the [example 5] example 1, it may be aluminum0.2Ga0.8N layer 0.4micrometer which doped Si 1x1018-/cm3, 
without making the n side cladding layer 12 into a superstructure. Moreover, similarly the p side cladding layer is not made 
into a superstructure, but it may be aluminum0.2Ga0.8N layer 0.4micrometer which doped Mg 1x1020-/cm3. Instead, the n 
side lightguide layer 13 Undoping InO.01GaO.99N layer 30 A. It considers as the superstructure of the 0.12 micrometers of 
the total thickness which carried out the laminating of the 30A of the GaN layers which doped Si 1x1017-/cm3. The p side 
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lightguide layer 16 Undoping InO.01GaO.99N layer 30 A, Although the room temperature similarly showed laser oscillation 
when it considered as the superstructure of the 0.12 micrometers of the total thickness which carried out the laminating 
of the 30A of the GaN layers which doped Mg 1x1017-/cm3 and also the laser component was produced like the example 
1 The life became short a little rather than the laser component of an example 1. 

[0093] In the [example 6] example 1. in case you form the n side buffer layer 11, let the aluminumO.05GaO.95N layer which 
doped 30A and Si for the undoping GaN layer 1x1019-/cm3 be the superlattice layer of the 1.2 micrometers of the total 
thickness which carried out the laminating of the 30A. Like an example 1, the rest grows up the upper layer from the n 
side cladding layer 12, and let it be a laser component. However, in case n electrode is formed, the field exposed by 
etching is made into the middle of the 1 .2-micrometer above-mentioned superlattice layer, and forms n electrode in the 
superlattice layer. In the room temperature, continuous oscillation also of this laser component was carried out similarly, 
the threshold fell a little as compared with the thing of an example 1, and the life was 1000 hours or more. 
[0094] [Example 7] drawin g 4 is the typical sectional view showing the structure of the laser component concerning other 
examples of this invention, and the same sign as other drawings shows the same layer. Hereafter, an example 7 is 
explained based on this drawing. 

[0095] As well as an example 1, on the silicon on sapphire 30 which makes 2inchphi and C (0001) side a principal plane, at 
500 degrees C, after growing up the buffer layer (not shown) which consists of GaN by 200A thickness, temperature is 
made into 1050 degrees C and the undoping GaN layer 31 is grown up by 5-miorometer thickness. In addition, as for this 
thickness to grow up, it is desirable for it not to be limited to 5 micrometers, to make it grow up by thickness thicker than 
a buffer layer, and to adjust to thickness 10 micrometers or less. A substrate can use the substrate which consists of a 
different ingredient from the nitride semi-conductor known in order to grow up nitride semi-conductors, such as SiC and 
ZnO besides sapphire, a spinel, and GaAs. 

[0096] Next, a wafer is picked out from a reaction container after this undoping GaN layer 31 growth, a stripe-like photo 
mask is formed in the front face of this GaN layer 31. and the protective coat 32 which consists of Si02 with a stripe 
width efface [ of 20 micrometers ] and a stripe spacing (window part) of 5 micrometers with a CVD system is formed by 
0.1 -micrometer thickness. Drawing 4 is the type section Fig. showing the structure of the partial wafer at the time of 
cutting in a direction perpendicular to the direction of a m^or axis of a stripe, as the configuration of a protective coat — 
the shape of the shape of a stripe, and a dot, and ** in a grid pattern — although what kind of configuration is sufficient, 
the direction which makes area of a protective coat larger than the exposed part of the undoping GaN layer 31, i.e., the 
part in which the protective coat is not formed, (window part) is easy to grow up the GaN substrate 10 with few crystal 
defects. As an ingredient of a protective coat, the metal which has the melting point of 1200 degrees C or more besides 
oxides, such as silicon oxide (SiOX), silicon nitride (SiXNY), titanium oxide (TiOX), and a zirconium dioxide (ZrOX), nitrides, 
and these multilayers, for example can be used. These protective coat ingredients also bear temperature with a growth 
temperature [ of a nitride semi-conductor ] of 600 degrees C - 1 100 degrees C, and it has the property for a nitride semi- 
conductor not to grow up to be the front face, or to be hard to grow up. 

[0097] A wafer is again set in a reaction container after protective coat 32 formation, and the GaN layer used as the GaN 
substrate 10 which consists of undoping GaN at 1050 degrees C is grown up into 1 0-micrometer thickness. Although the 
desirable growth thickness of a GaN layer to grow up changes also with the thickness of the protective coat 32 formed 
previously, and magnitude, as it grows up to be also a longitudinal direction (direction perpendicular to the thickness 
direction) in the protective coat upper part so that the front face of a protective coat 32 may be covered, it is grown up 
into sufficient thickness. Thus, on the front face of the protective coat 32 which has the property in which a nitride semi- 
conductor cannot grow easily, if the GaN substrate 10 is grown up by the technique of growing up a GaN layer into a 
longitudinal direction, on a protective coat 32, a GaN layer will not grow at first, but selective growth of the GaN layer will 
be carried out on the undoping GaN layer 31 of a window part. Then, if growth of a GaN layer is continued, a GaN layer will 
grow up to be a longitudina! direction, and it is connected in the GaN layers which grew from the aperture which covered, 
and hung, went and adjoined on the protective coat 32. and will be in a condition as if the GaN layer grew on the 
protective coat 32. That is. a GaN layer is grown up in a longitudinal direction through a protective coat 32 on the GaN 
layer 31. Here, an important thing is the number of the crystal defect of the GaN layer 31 which is growing on the sapphire 
substrate 30. and crystal defects with the GaN substrate 10 which is growing on the protective coat 32. That is. to the 
nitride semi-conductor which grows on a different-species substrate, very many crystal defects occur by the mismatch of 
the lattice constant of a different-species substrate and a nitride semi-conductor, and this crystal defect is transmitted 
to a front face in under the nitride semi— conductor growth formed in the upper layer one by one. On the other hand, the 
GaN substrate 10 which grew in the longitudinal direction on the protective coat 32 like this example 7 is not what grew 
directly on the different-species substrate, and since the GaN layer grown up from the adjoining aperture is connected 
during growth by growing up in a longitudinal direction on a protective coat 32, the number of crystal defects decreases 
very much compared with what grew directly from a different-species substrate. Therefore, as compared with the GaN 
substrate of an example 1, a GaN substrate with few [ far ] crystal defects is obtained by forming the protective coat 
partially formed on the nitride semi-conductor layer which grew on the different-species substrate, and using as a 
substrate the GaN layer which comes to grow up in a longitudinal direction on the protective coat. Although there is a 
crystal defect of the undoping GaN layer 31 two or more 1010-/cm. the crystal defect of the GaN substrate 10 by the 
approach of this example 7 can actually be decreased in two or less 106-/cm. 

[0098] After forming the GaN substrate 10 as mentioned above, it is made to be the same as that of an example 1 on this 
GaN substrate. Si 1x1018-/cm3 The n side buffer layer which consists of doped GaN, After growing up the affair contact 
layer 1 1 by 5-micrometer thickness, the crack prevention layer 19 which consists of In0.1Ga0.9N which doped Si 5x1018- 
/cm3 like an example 2 is grown up by 500A thickness. In addition, the crack prevention layer 19 is also omissible. 
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[0099] (The n side cladding layer 1 2 of the superstructure of high high impurity concentration [ center section ]) Next, the 
2nd nitride semi-conductor layer with small bandgap energy is formed by growing up an undoping GaN layer by 20A 
thickness at 1050 degrees C using TMG and ammonia gas. Next at this temperature, add TMA and a 5A undoping 
aluminumO.1 Ga0.9N layer is grown up. Silane gas is added. Si Ix1019-/cm3 Then, after growing up the doped 
aluminumO.1 Ga0.9N layer by 20A thickness. By stopping Si and growing up an undoping aluminumO.1 Ga0.9N layer by 5 
moreA thickness, the 1st nitride semi-conductor layer with a large thickness [ of bandgap energy ] of 30 micrometers is 
formed. Sinniiarly hereafter, the 2nd nitride semi-conductor layer and the 1st nitride semi-conductor layer are repeated by 
turns, and are formed. In addition, in the example 7. a laminating is carried out so that the 2nd nitride semi-conductor layer 
and the 1st nitride semi-conductor layer may turn into 120 layers, respectively, and the n side cladding layer 12 which 
consists of a superstructure of 0.6-micrometer thickness is formed. 

[0100] Next, the n side lightguide layer 13. a barrier layer 14. the p side cap layer 15. and the p side lightguide layer 16 are 
grown up in order like an example 1. 

[0101] (The p side cladding layer 17 of the superstructure of high high impurity concentration [ center section ]) Next, the 
4th nitride semi-conductor layer with small bandgap energy is formed by growing up an undoping GaN layer by 20A 
thickness at 1050 degrees C using TMG and ammonia gas. Next, at this temperature, add TMA and a 5A undoping 
aluminumO.1 Ga0.9N layer is grown up. Gp2Mg is added. Mg 1x1020-/cm3 Then, after growing up the doped 
aluminumO.1 Ga0.9N layer by 20A thickness. By stopping Cp2Mg and growing up an undoping aluminum0.1Ga0.9N layer by 5 
moreA thickness, the 3rd nitride semi-conductor layer with a large thickness [ of bandgap energy ] of 30 micrometers is 
formed. Similarly hereafter, the 4th nitride semi-conductor layer and the 3rd nitride semi-conductor layer are repeated by 
turns, and are formed. In addition, in the example 7. a laminating is carried out so that the 4th nitride semi-conductor layer 
and the 3rd nitride semi-conductor layer may turn into 120 layers, respectively, and the n side cladding layer 17 which 
consists of a superstructure of 0.6-micrometer thickness is formed. 

[0102] And after picking out a wafer from a reaction container after growing up the p side contact layer 18 like an example 
1 finally, and performing annealing, etching is performed and a 17 or more p side cladding layers layer is made into a 
stripe— like ridge configuration. 

[0103] Next, as shown in drawing 4 . it etches into bilateral symmetry to a ridge, and the n side buffer layer front face 
which should form the n electrode 23 is exposed, the n electrode 23 is formed, and, on the other hand, the p electrode 21 
is formed also in the ridge outermost surface of the p side contact layer 18 in the shape of a stripe. When the rest 
produced the laser component like the example 1, as compared with the thing of an example 1, it is a threshold, and fell 
about 10% on current density and an electrical potential difference, and the continuous-oscillation life with a wavelength of 
405 nm showed the life of 2000 hours or more. As for this, what is depended on the crystalline improvement in the nitride 
semi-conductor by having used what has a few crystal defect for the GaN substrate 10 is great. In addition, in drawing 4 , 
when growing up the GaN substrate 10 by thickness 80 micrometers or more, the different-species substrate 30 - a 
protective coat 32 can also be removed. 

[0104] In the [example 8] example 7, in case the n side cladding layer 12 is grown up, a center section is not made into 
high high impurity concentration, but the laminating of the 20A is carried out and the aluminum0.1GaO.9N layer which 
doped 20A and Si for the usual undoping GaN layer 1x1019-/cm3 is made into the superstructure of the 0.6 micrometers 
of the total thickness. 

[0105] Also in case the p side cladding layer 17 is grown up. an undoping GaN layer, without on the other hand making a 
center section into high high impurity concentration 20A. Although the threshold fell a little as compared with the thing of 
an example 7 when carried out the laminating of the 20A. and the aluminum0.1Ga0.9N layer which doped Mg 1x1020-/cm3 
was made into the superstructure of the 0.6 micrometers of the total thickness and also the laser component was 
produced like the example 7 The life showed the 2000 almost same hours or more. 

[0106] In the [example 9] example 7. in case the n side cladding layer 12 is grown up. the laminating of the 25A is carried 
out for a 25A and undoping aluminum0.1Ga0.9N layer by turns, and the GaN layer which doped Si 1x1019-/cm3 is made 
into the superstructure of the 0.6 micrometers of the total thickness. On the other hand, when growing up the p side 
cladding layer 17. and carried out the laminating of the 25A for the 25A and undoping aluminum0.1Ga0.9N layer by turns, 
and it made into the superstructure of the 0.6 micrometers of the total thickness the GaN layer which doped Mg 1x1020- 
/cm3 and also the laser component was produced as well as an example 7. the laser component which has a property 
almost equivalent to the thing of an example 7 and a life was obtained. 

[0107] In the [example 10] example 7. in case the n side cladding layer 12 is grown up, the laminating of the 25A is carried 
out by turns, and the aluminum0.1Ga0.9N layer which doped 25A and Si for the GaN layer which doped Si 1x101 9-/cm3 
1x101 7-/cm3 is made into the superstructure of the 0.6 micrometers of the total thickness. Also in case the p side 
cladding layer 17 is grown up, the GaN layer which doped Mg 1x1020-/cm3 on the other hand 25A, The laminating of the 
25A is carried out for the aluminumO.1 Ga0.9N layer which doped Mg 1x1018-/cm3 by turns. When it considered as the 
superstructure of the 0.6 micrometers of the total thickness and also the laser component was produced like the example 
7. the laser component which has a property almost equivalent to the thing of an example 7 and a life was obtained. 
[0108] In the [example 11] example 7, the aluminumO.1 Ga0.9N layer which doped Si 1x1019-/cm3 is grown up by 0.6- 
micrometer thickness, without making the n side cladding layer into a superstructure. On the other hand, in case the p side 
cladding layer 17 is grown up The GaN layer which doped Mg 1x1020-/cm3 25A, The laminating of the 25A is carried out 
for the aluminumO.1 Ga0.9N layer doped 1x1018-/cm3 by turns. When it considered as the superstructure of the 0.6 
micrometers of the total thickness and also the laser component was produced like the example 7, although the threshold 
rose a little as compared with the example 7. similarly the life of 1000 hours or more was shown. 

[0109] It is the usual modulation dope (a center section is not high concentration) about high impurity concentration [ in / 
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on the [example 12] example 7 and / the superlattice of the n side cladding layer and the p side cladding layer ]. In case it 
considers as homogeneity mostly in a layer and the n side buffer layer 1 1 is grown up, Si 1x1019-/cm3 The doped 
aluminum0.O5Ga0.95N layer 50 A, When grew up 50A of undoping GaN layers by turns, and they were used as the 
superlattice layer of the 2 micrometers of the total thickness and also the laser component was produced like the example 
7. as compared with the thing of an example 7, the threshold fell a little and, as for the life, 3000 hours or more were 
shown. 

[01 10] In the [example 13] example 7, it considers as the superstructure of the 0.6 micrometers of the total thickness 
which carried out the laminating of the aluminumO.1 Ga0.9N layer 20 A which doped 20A of undoping GaN layers, and Si for 
the n side cladding layer 12 1x1019-/cm3. 25A of GaN layers which doped Si for the following n side lightguide layer 13 
1x101 9-/cm3, and undoping aluminum0.05Ga0.95N layer 25 A are grown up by turns, and is made into the superstructure 
of the 0.1 micrometers of the total thickness. 

[0111] On the other hand, the p side lightguide layer also grows up 25A of GaN layers which doped Mg 1x1019-/cm3, and 
undoping aluminum0.05Ga0.95N layer 25 A by turns, and makes it the superstructure of the 0.1 micrometers of the total 
thickness. Next, when the aluminum0.1Ga0.9N layer which doped 20A of undoping GaN layers and Mg for the p side 
cladding layer 17 1x1020-/cm3 was made into the superstructure of the 0.6 micrometers of the total thickness which 
carried out the laminating of the 20A by turns and also the laser component was produced similarly, as compared with the 
thing of an example 7, the threshold fell a little and the life showed 3000 hours or more. 

[0112] The [example 14] example 14 is the laser component constituted using the GaN substrate 10 like an example 7. 
That is, each following semi-conductor layer is formed on the GaN substrate 10 constituted like the example 7, and the 
laser component of an example 14 is constituted. First, the n side contact layer (2nd nitride semi-conductor layer by the 
side of n) which consists of an n mold GaN which doped Si three or more 1x1018-/cm on the GaN substrate 10 is grown 
up by 2-micrometer thickness. In addition, it is good also as a superlattice layer which consists of AIXGal-XN (0< X<=0.4) 
which doped GaN and Si of undoping of this layer. 

[01 13] Next, after growing up the n side contact layer, temperature is made into 800 degrees 0 and the crack prevention 
layer which consists of In0.1Ga0.9N which doped Si 5x1018-/cm3 by TMG, TMI, ammonia, and silane gas is grown up by 
500A thickness among nitrogen-gas-atmosphere mind. This crack prevention layer can prevent that a crack enters into 
the nitride semi-conductor layer containing aluminum grown up behind the nitride semi-conductor of n mold containing In, 
and by making it grow up by InGaN preferably. In addition, as for this crack prevention layer, it is desirable to make it grow 
up by thickness (100A or more and 0.5 micrometers or less). If thinner than 100A, it will be hard to act as crack prevention 
as mentioned above, and when thicker than 0.5 micrometers, it is in the inclination for the crystal itself to be discolored in 
black. 

[01 14] Then, the layer which consists of n mold aluminum0.2Ga0.8N which doped Si 1x101 9-/cm3 using TMA, TMG, 
ammonia, and silane gas at 1050 degrees C grows up 40A and the GaN layer of undoping by 40A thickness, and the n side 
cladding layer which carried out the laminating of every 100 layers of these layers by turns, respectively and which 
consists of superlattice of the 0.8 micrometers of the total thickness is grown up. 

[0115] Then, the n side lightguide layer which consists of undoping aluminumO.05GaO.95N is grown up by 0.1 -micrometer 
thickness. It may act on this layer as a lightguide layer which guides the light of a barrier layer, and n mold impurity 
besides undoping may be doped. Moreover, this layer can also be used as the superlattice layer which consists of GaN and 
AIGaN. 

[01 1 6] Next, the barrier layer which consists of undoping InO.01 Ga0.99N is grown up by 400A thickness. 

[01 1 7] Next, the p side cap layer which consists of p mold aluminum0.2Ga0.8N which doped Mg with larger band cap 

energy than the p side lightguide layer formed later 1x1019-/cm3 is grown up by 300A thickness. 

[01 18] Next, the p side lightguide layer which band cap energy becomes from aluminum0.O1Ga0.99N smaller than the p side 
cap layer is grown up by 0.1 -micrometer thickness. This layer acts as a lightguide layer of a barrier layer. In addition, it can 
also consider as the superlattice layer which consists of a nitride semi-conductor of undoping of this p side lightguide 
layer. In considering as a superlattice layer, the band cap energy of a layer with bigger band cap energy (barrier layer) is 
larger than a barrier layer, and it makes it smaller than the p side cladding layer. 

[01 19] Then, the p side cladding layer which becomes [A / 40 ] 40A from the superlattice layer structure of the 0.8 
micrometers of the total thickness which carried out laminating growth by turns in Undoping GaN about the p mold 
aluminum0.2Ga0.8N layer which doped Mg 1x101 9-/cm3 is grown up. 

[0120] The p side contact layer which finally consists of a p mold GaN which doped Mg 1x1020-/cm3 on the p side 
cladding layer is grown up by 150A thickness. Since the p side, cladding layer of the superstructure containing AIGaN is 
touched especially in the case of a laser component and the thickness is made thin with 500A or less by using the small 
nitride semi-conductor of band cap energy as the p side contact layer, the carrier concentration of the p side contact 
layer becomes high substantially, p electrode and desirable OMIKKU are obtained, and it is in the inclination for the 
threshold current of a component and an electrical potential difference to fall. 

[01 21] After making the layer which performed annealing for the wafer which it was made [ wafer ] like and grew up the 
nitride semi-conductor above at predetermined temperature, and doped p mold impurity form into low resistance further, a 
wafer is picked out from a reaction container, the p side contact layer of the maximum upper layer and the p side cladding 
layer are etched with an RIE system, and it considers as the ridge configuration which has stripe width efface of 4 
micrometers. Thus, it is desirable by making the layer above a barrier layer into a stripe-like ridge configuration to make 
into a ridge configuration the layer more than the p side cladding layer which luminescence of a barrier layer comes to 
concentrate on the bottom of a stripe ridge, and a threshold falls, and consists especially of a superlattice layer. 
[0122] Next, a mask is formed in a ridge front face, it etches in RIE, the front face of the n side contact layer is exposed. 



http:/ / www4.ipdl.inpit go jp/ cgi-bin/ tran_web_cgi_eije 



2007/05/17 



JP.1 1 -1 771 75,A [DETAILED DESCRIPTION] 1 5/1 5 y<—i 




and n electrode which consists of Ti and aluminunn is formed in the shape of a stripe. On the other hand, p electrode which 
consists of nickel and Au is formed in the ridge outermost surface of the p side contact layer in the shape of a stripe. As 
an electrode material with which a p mold GaN layer and desirable OMIKKU are obtained, nickel, Pt. Pd, nickel/Au, Pt/Au 
Pd/Au. etc. can be mentioned, for example. As the n mold GaN and an electrode material with which desirable OMIKKU is 
obtained, a metal or alloys, such as aluminum, Ti, W. Gu, Zn, Sn, and In, etc. can be mentioned. 

[0123] Next, the insulator layer which consists of Si02 is formed in the front face of the nitride semi-conductor layer 
exposed between p electrode and n electrode, and p pad electrode electrically connected with p electrode through this 
insulator layer is formed, the surface area of p electrode with this substantial p pad electrode — extending — p electrode 
side — wire bonding — it can be made to carry out die bonding. 

[0124] The wafer which formed n electrode and p electrode as mentioned above is transported to polish equipment, the 
silicon on sapphire of the side which does not form the nitride semi-conductor is wrapped using a diamond abrasive 
material, and thickness of silicon on sapphire is set to 70 micrometers. After wrapping, it polishes 1 micrometer by the still 
finer abrasive material, a substrate front face is made into the shape of a mirror plane, and metallizing of the whole surface 
is carried out by Au/Sn. 

[0125] Then, an Au/Sn side and cleavage is carried out to the shape of a bar in a direction perpendicular to a stripe-like 
electrode, and the dielectric multilayers which consist of Si02 and Ti02 are formed in the resonator side which produces a 
resonator to a cleavage plane, and finally, in a direction parallel to p electrode, a bar is cut and it considers as a laser chip. 
Next, when the chip was installed in the heat sink by face up (condition which the substrate and the heat sink countered), 
wire bonding of each electrode was carried out and laser oscillation was tried at the room temperature, in the room 
temperature, by threshold-current consistency 2.0 kA/cm2 and threshold voltage 4.0V, continuous oscillation with an 
oscillation wavelength of 368nm was checked, and the life of 1000 hours or more was shown 
[01 26] 

[Effect of the Invention] By this invention, as explained above, since it has the cladding layer which an impurity becomes 
from the superlattice layer by which the modulation dope was carried out threshold voltage can fall and can realize the 
laser component which can carry out prolonged continuous oscillation. Moreover, this laser component can realize a good 
laser component with a high characteristic temperature. It is proportional to characteristic temperature by the threshold- 
current consistency by the temperature change at exp (T/TO) {T:(operating-temperature K) TO:characteristic-temperature 
(K)]. LD shows that a threshold-current consistency operates to stability low also at the elevated temperature, so that TO 
is large. For example, with the laser component of the example 1 of this invention, there is TO [ K 150 / more than ]. It is 
shown that this value is very excellent in the temperature characteristic of LD. For this reason, by writing in the laser 
component of this invention and using as the light source and the readout light source, the capacity which is not in the 
former can be attained and the utility value on that industry is very large. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The type section Fig. showing the structure of the laser component of the 1 operation formation concerning 
this invention. 

[Drawing 21 The perspective view of the laser component of drawing 1 . 

[Drawing 3] The type section Fig. showing the structure of the laser component of the example 2 concerning this 
invention. 

[Drawing 4] The type section Fig. showing the structure of the laser component of the example 7 concerning this 
invention. 

[Description of Notations] 

10 ... GaN substrate, 

1 1 ... The n side buffer layer, 

12 ... The n side cladding layer of a superstructure, 

13 ... The n side guide layer, 

14 ... Barrier layer, 

15 ... The p side cap layer, 

16 ... The p side guide layer. 

17 ... The p side cladding layer of a superstructure, 

18 ... The p side contact layer, 

19 ... Crack prevention layer, 

20 ... The n side cap layer, 

21 ... p electrode, 

22 ... p pad electrode, 

23 ... n electrode, 

24 ... n pad electrode. 

25 ... Insulator layer. 



[Translation done.] 
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^^{i^m^x-h-iX. 

Bu IE P mwm(^m.^m^wm {zio\^x. mm^^m t 
-1. ig 3 m 4 cDm^m^^m t -/^mm $ ft-c ^ p 

p mmmcom-im^i^m t comi^zm^ ^tix^ ^mt 
m^^m=f-x'h^x . 

mm n mmm(7^mm^wmizi6 \ ^x . ffie^sttii t 

•y 7-x 0 Hz p M^»illJ^;{>^^ 

[11^314] mtimim.i^mwf'miziiux . 

mwm ct 0 1:^ # V ^ n M^^ifeinjg s if 1 x 

lEig 2 <^m^m^mi^miziS:m-t^^^(7) n mr-mmm 
m^mi?M2comim^^i¥m^-'^mtLfzm^izimL 
T/J^$ < bfzm^m4imcr)m-itm^imi^. 
[ if 6 ] H>rism 1 cDM-ft^sj^^^cJiiT) n MT^m^ 

iBm^^ 1 X 1 Oi7/cm3^1 X 1 O20/cm3c7)^Ht3^> 

•9.^2 i7)g-fi:!t^^*Jio nmr^pmrnm^^ i x i o 
[iff^3i7] iuiBn{fflM^MtgT®czi3i^-c. mism 



[ifOTS 3 HulBIg 2c7)M'ftit^^f2|s;iizi3\,^T . m 
tarn 1 t7)^^t:!|^5^#:iltzi£Jg-r n 

< Ltzm^7Mmcom^m^i^m^. 
[ if ^31 9 ] m?m 1 c7)M'fb^^«sJi<7) n mpr-mm 

mmti^ 1X101 9/cm3OTT-i5 0 . BulE^ 2 i^j^^ctl^ 
^^i|s;iir)nM^^!|^!JXilE*n X 1 Oi''/cin3— 1 X 1 

0 2 0 //cin3 commx'h h mmm i xti s isa^M-ftii^^ 
[ mim 1 0 ] HuiBm 1 <r^m\M^wm a i y g 

ai-vN (0<Y<1) f^C:>t£^^ MIEm 2 c^Mtft^ 
nxGai-xN ( 0 ^X< 1 ) *^^>'Sr'^IS^3l4 

: If ^31 1 1 3 HUiem 2 COM-fLJtiU^fils/iT&iG a N 

^ ^ a if ^31 1 0 %m.cn>mm^mm=t « 
[if^3i 1 2 3 Buien 1 (T^mAYM^wm^tK i ^ g 
ai.xN ( o<x<i ) m^^2aymm^ 

#M«iA lyGai-yN { 0<Y<1 , X>Y)*-/i>^ 

[ If ^3M 1 3 3 HiTiem 1 (nmYM^wmyLxmim 

=5rV^ff^^4 — 1 2^0■5*>OV^-rtL:^?^lo^ziBa^7)^•^b 

[ ^^31 1 4 3 HuiE p mmm^m \iz^\^x. frte 

m 3 iOM-ft^^J^fr® ti. Mam 4 iOM'fbil^O^M J: 

0 ^ # 1. V s: F <y rx:t^;^df^- 1 luiem 4 i7)M-ft:!fe 
^MJ; Oy^#v^pMT^MM>gi:^it-r -2.11^312 

xti 3 lami^M-fi:!!?!!^^^^. 

[ if 1 5 ] Mam 3 coM-ft^^M tzfc V . 

lt^JnS < L/cif^3i 1 4faiS^io^'fb^^#c^^, 
[ if 1 6 3 Huiam 3 ^7)M'fi:!fe^#cii<7) p 

!|%igJg*U X 1 Oi8//cm3~l X 1 02i/cm3c7)|gHt;a5 

0. m4c7)g'fi:^$j^Mc7)pM^i>e^iiiK7&n x i o 

2 0 /cm3 OTt-?) ^If ^31 1 1 X«i 1 2 lam^T^g-fbifei^ 

1 if ^3S 17 3 Buia P M.^@^g^;itzib' \ ^x , luiB 
m 3 c7)M^i:!i^5^«sii . mi am 4 aymm^wM x 

0 ^'^ ^ vv \' y H df> 'y rx ^.;P:Jf - Huiam 4 
^MJ: 0/h$V^pM^^!f^!lii^^: ^^-ri>lf^3l2 

xji 3 iam^7)^^L!H3¥#«s5g^o 
[it*3s 1 8 3 m^w.A(7^mAm^^wm\,zi6\^x , 

'im.^m^'m3a^mm^w.mt^^mird-z^%\z.^m 
ltWn^ < L/ia^3ii 7iaii£0M^i:^^f!t:S^. 
[ If 1 9 3 m lam 3 (n^mYM^wm p 
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^i^m<^pMT-W^^iPl X 1 O^a/cmS—l X 1 0 
2i/cm3oraTS>'l.ltOTl 7X{i 1 8lEtgi7)^« 

[ If 2 0 ] mm 3 ^7)^^l:!j=5gi}£S^^jl^i A 1 , G 

ai-yN (o<Y<i ) mimAcomim^ 

I nxGa,.xN ( 0^X<1 ) ^-4>^|,^^JHl 

4-^1 9(7)0 -hcoi -:>i,zMm(7)m<m^mi^m'?'. 

I 2 1 ] BUlSm4 c7)M'ft^^#cil5&^ G a N 

[ m^m 2 2 ] mmm s comim^i^mi±A i x g 

ai-xN (0<X<1 ) H>riE^40^-fl:!t?!J^ 
^#cii«iA 1 yGai-yN ( 0<Y< 1 , X>Y)-/}^i^Kc 

[ m^m 2 3 3 Huf Em 3 io^-fbJfei^Mxtimiam 

^i/^if^^^l 4~2 2c7)e-^c7)l^-rii*^lolzfEM^OM 

[ if 2 4] Buf s n 13*3 V , mia 

^ 1 c7)^'f b!|^^f4:ii{i . Htft Em 2 J; 
D^'v:^ ('VN'i^ H^-v >yrx^->/k:5f"-i: 1frlBm2(?0M<b!fS! 

[ 11^31 2 5 ] Htiiam 1 c7)m<m^f^m(r> n m^m 

X 1 Oi^/cmS—l X 1 O20/cm3<7)|iat-3^ 

^ T . m 2 <7)m^m^i^m(7) n mT^mmmm^^ i x i 

Buiam3c7)M-fi:^^!j^M^7)p^:^^^!t^!)jiUg:^u x i o 
i8/cin3~i x 1 0 2i/cm3coiEfflT-S)^T. H>riam4i^ 

T-C-^)^ifOT2 4iEmc7)M«^f!ii^?. 

[ m^m 2 6] fuiE n miM^^tg^Ji izfc V . Huf e 

wm\t . Huf Em4 (r>mY?mmm i o vvs:y f =3?' 
[ if 2 7 ] Buiam 1 <7ymm^wm<^ n m^i* 

X 1 Oi'/cm^—l X 1 O^o/ctfOlKHT-S) 
o T . m 2 cOM-fbit^J^M O n M^|i6^ii^3&-' 1 X 1 

HtriEm3£7)^^t^^3^Mc7)pM^i$^5!iiiijg*n x i o 



pM^^!|?!iiU^3&n X 1 Oi8/cm3— 1 X 1 0Zi/cm3(^ 
^H-C$) i> if 2 6 iagJiOM^bi|^^#:^^ . 

[ if 2 8] fliE n mmTm^m tiis o . lut e 
m 1 i^M-fbife^^^ii ( i . HtiiEm 2 b^^M ct 

0 # V S> H dr> «y 7°x ;t^;1^^'- i: fflBm 2 £OM-(b!i?!I 

wiE P mm.^m^m i-^a^^x. m%m> 3 <r>m.\m^ 

M{±. B>riam4OM«^f4sJlJ:0:^t=tvN>K:if^ 
^ .y rx HU lEm 4 i7)^^L^i}£Siz|s;i J: 0 ^ 

V ^ p mK-mwm. t^^^h m^m 3 im^^im^ 

c if 2 9 ] fff Em 1 <7)m^m^i^m co n mTr^m 
mmmti^ 1x1019 /cm3 i:jrfTh o T. . luiBm 2 com 

im^f^mcO n M^I$^M:<?^" 1X1017 /cm3 - 1 

X 1 0 2 c/cms co^mx'h 0 , 
B>iism3coM-fbft^tt:;i<7)pM^Mf??ii^35;n x i o 

[ if 3 0] Bu IE n m^^m^m ^zis^^x.mm 

m 1 coM<b^?!i^fril «i . milEm 2 cD^^bil^J^^sii J; 
•9 vv\'>' Kdf^^ .y rx^^;W:3f^- h BuiSm 2 C7)g« 

^ >y rx^./u^'- 1 HuiEm4 <^M-fbii=S!f^M i 0 /J^$ 

[ if 3 1 ] Buf Em 1 comim^ts^m co n mpFm 
1x1019 /cm3 j.:jit-c^ -c . tuiEm 2 c^)^ 

X 1 0 2 o/cms COI^HT'S) "9 ^^-^ . 

mm3(7)m^m^i^m(7)pmT-nmmmtinx i o 

2 0/cm3OTT-J) 0 . 0 , m4 i^M-fb!f^!)^M^O 
pm^mmi&mtin X l Oie/cmS—l x l 021/cid3cD 

mmTh h if 3 0 lE^coM-fbfe^fiis^^ . 
c if^Ji 3 2] BuiE n mm^We^m^za \ . miE 

m 1 tOM«4^M{±A I y G ai -y N (0 <Y< 1 ) 
*^A>=SrO. 1i|fEm2i^M^b^^*li{iI nxGai.xN 
( 0^X<1 ) 

HiriEp(iS^^t&^iit::fcV^T. HufEm3iOM«^ 
filsJliiA 1 yGai.yN ( 0<Y< 1 ) t^htc'O. HUlEm 
4i7)M«^#:il{i I nxGai-xN ( 0 ^X< 1 ) 3(?^ 
^^^-g.ifOT2 4~3 lcr,o-h<7)l-:>lZMmcr>mm^ 

[ ^^31 3 3 ] Huf sm 2 m 4 com<m^mwm=fti^ 

-:>^zMm(7)m-im^i^m^. 
[ if 3 4] HfriE n mm^mm^miza i . me 
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micom-itm^mi^mnAUGai-^N (o<x<i) 

( 0<Y<1 , X>Y) 

#c;iiiA IxGai.xN (0<X<1 ) HUlBm 
4c^^-f!i^¥^M{iA lyGai-yN {0<Y<1, X 
>Y) *^i^^r'2)W^3S2 4~3 lOd-ipf^lotzlBm^^ 

[ if 3 5 ] fif em 1 comm^^i^mximiim 

I ^Ti^ }^—y°mX'hhmS^ 2 4-- 3 4 9 *>c7) 1 

[ ft 3 6 ] mmm s comn^mi^mximi^ 
v^TV' F-r;iT'^5-i>if^]a 2 4—3 4 o *>i7) i 

[ fi^II 3 7 3 MieYSftii*^' I n G a Nil ^-^t^if ^ 
li 1 — 3 6 ^ *>i73V^'rix*^ 1 otiSiii^M^tfe^^ft: 

[ if 3 8] mie I n G a NM-^m^^prnTh h 
lfOT3 7iem^oM'fi:^^«s^^. 
[ m^m 3 9 ] mim^m^i¥m^i± . mm^^m 

@tS^/lT'$>l)|f^3ll-'3 8i7)-5:fpOl^-rtL*^lotC 

MiBp{ii7^>y KJli;vg't4;ii:£0l^. xtimiapw^' ^ 
>y hvSttiii: cT^^iT)/^,-^ < ^— i n t^ts 

m.\m^^x\t G a N*^/b ^ 0 , ^-mufmm.if' i x i 

If 4 ^im(DmcwmwmF^. 
[ if ^314 2 ] mmnA t 1 $ a. 

if 4 ox{i4 nmcom^m^i^m'f-. 

t -^^^^314 2 ^ztm<^mm^Mii^m^. 

mmmm±.\>zm\tm^w.m ^ « $ it . i^^ti $ iif^ 
mm^i¥m}:.^z. wm.im^wm(r>mm^m'itm 



im^wmt^fh>imiumm:^mox^kzm.^^^tfzm. 
1 -4 3 <7) a ^co\ ^-ftii^ 1 -:)i,zimcom^m^i^m 

[000 13 

immm-thmif:-^m\^mm. led (^^>f 

^r-K) . LD ( l^-- »f ^'-f ^- K ) . &-5,v^{i^-yN' 
;^S^-y-by>^M^-h' (SLD) ^c7)^3^S^. 

( I nxA lyGai-x-yN, 0 ^X. O^Y. X+ 

Y^i ) ^m\^tzm=f'i>zmth. ^xn. ^mmm^zio^^ 
mzwm^^m<7^m.m.^^^-th<r>x%'>x . mt£ 
iii^xffi . xmt)^-^ L T V ^ i ^ ^-r ^ Tii^ ^ , 

[000 23 

^m^mx'mMmmit^irifzm-y)x:hh , zk 

^^cO#Sx^NMXtZ^M$fl|.LED{i. InGaNi 
0^^#FliS:^§-r§m-i^#F^ii ( SQW : Sing 
le-Quantum- Wei 1 ) , ^ L < {i^llfi^#F1i9t ( M Q 
W : Multi -Quantum-Well ) CO^'\^mi}K n^MWlM^ 

wmtp mmim^wm t (^^i^zmttifz ^-/iv^^ 

a^ijt$::tLTV^^. Wfe. efe^c7)^^{i I n G a N 
#F;10I nffifi&Jt^li^-r-I.CltT'^^^ixTV^^, 

[0 0033 ^/i. ^tum^Ji. mkz(mm^'^\^x 

^'NVUX^MT. Mia-Cc7)4 1 0 nrnOP— -tf^tga-tS^ 
T-»T Lfv: {^J ^ , Jpn . J . Appl . Phys . 35 ( 1996) L 
74. Jpn.J.Appl.Phys.35(1996)L217^}« CcOV— 
TO. I nGaNJ: 0^'l.#Fil&ffiV^f^^fil:^#F 

Its 2 jLt s . /^V^Xj^^ 2ms O^ff^f . MmSl 610 
mA. Mra^J^S. 7kA/cni2. 4 10nmO% 
SgSr^-To ^i^tw. ^^{iK^LTt^-if^^^Appl.P 
hys . Lett. 69 < 1996) 1477tC*5 V \^fz. CLCO]^ — T 

^TJi. P mm^m^mi^mcD-mz u -y i;^;^: h 5 :r 

^j^^ims. f^-.:^-7^^-ito. i%x\ mmmm.1 

87mA. M^^^^3kA/cm2. 4 10nm<7)^ 

m^m-t. ^Lx. ^ i^izm^amiSiTcomm^m^zi, 

19%^12^2B-t immm. Appl.Phys. Lett. 59(1 
996)3034. Appl. Phys. Lett. 69 (19%) 4056 m. ZCOU 

--rm^ii 2 0 'cizts V ^x . mmmmmm. 3. e k a/ 

cm2.M^E5. 5V. 1. 5inWliit)iZii\^X . 2 

7^^co5i^^ii^^-r. 

[00043 
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wfe. B-^i^BDimyj\^mm. (if) 2 omAT-. m 

( Vf ) :^?i-3. 4V'-3. 6Vj>D.GaAl 
A s ^CD^i^X D =Sr L E D iZit^X 2 Viil±^ 



[0005] ly—rm^commmm^mrF^^h z 1 
T-^iitf. ^(Tym^^LEDmi'^zmm^ht. led 

[0006] 

^^i-^ztt:i^mt-t^. ztLi^z^-^x. mt^rnx- 

x\ nmmcom^m^mi^mco^i^k Lxcr^mK^A^ 

[0007] tfz^%mcom 2 comim^i^m^i±. 
mimt^ . n mmm<7)mim^^wm t p mmmcom^t 
m^i^m t com i^zm^ ^tixKc^ m^tm^i^m^x' 
h-yx. m^pmmmc^mim^^mi^zti^^x . ma 

x^hpmm^mm'm^^-t^zt^wmt-t^, <i 
tLizx . m^^mx-m^^tifzmitm^i^mc^m 
mMM^4-^^ < x'^ ^cox\ pmmmcomim^i^m 
(Di^i^tLX(7)^tji?:4-^^<x-^h. zzx\ pmmm 
ti±m^mtiEmm (pmm) t<Dmzh^mim^ 
i^m^mL. nmmmtii. •ism§^mA.xpmmmt 
mim^zh^mim^m^t^-ti>^t-ri>. ^fc, 
m 1 cDm^m^i^m tm2 (T^mim^mi^m t comm 

[0008] ^ h\,zimmcr>^3<Dm.'[m^wm^ 



\i. ^i^'mtK nmmm<^m.im^wMhpmmm 
mm^w-m t <7)mzm^^tix ^ ^^-fb^^^^s 
"f-X'h ->x. fffiE n mmm(^mm^^m 11*3 v >t . 
m^^'^mhmixfz^m.. ^\^<\±^LtimM\^z. 

^tix^^nmm^mm^m^^L. miipmrnm^Tym 
im^i^mizti\,-^x . mmm^mtm-tzim. 

< i±m Ltzmmi^z ^ K\HZJ-\yv ^> >y r ^^fU^—ti^ 

m^m^i^m t ^mm ^tixtc^p mm^im^m ^ 
^r^zt^mmt-th. Mzx^x, m^mx-m 

x\ nmmmRu'pmmmiom.im^i^m^:ki^t t 

[0009] :^wmm 1 xlim 3 (Tym^m^i^mi' 

coxd^j:y6m^mm'i'X'htLi£. m^^^zmLxm^-^ti 

^^0Tm\^i2^tLx^nm^y^ym. RW'ii^m 

(omtLxm^^Mo m2xi<im3com-itm^i^m 

Ji. Rif^:^'&M<r>mtz:mm-^pmm^ Ymc^nco 

[0010] ^wm^ 1 3 <7^m\:M^wm=F- 
X'\i. m)t^'^m^zti\^x^^y >yrx^.;udj-'_£7)^ 

im^wmcr>T^m^^\^z^mLx±^ < ttim^. 

o/jN$i.^m2i7)M«^#c;it'aAt'#, iiA$tL/i 

<x'^^. zz x\ :^mmmizt3\,-^ 
X . n mm^mm=Fm t p mm^mwFm t ^mm tx 
v^^t^ii. ij^coxvizmzm^mtv^^. 
[00 11] tti. mie^ 1 (omitm^i^mcT^^m^ 
mm^m2cr,m-{m^mi^mc^T-mmmmizim lx:^ 
# < Lfzm^. mi(Dm-im^mi^m'?-x'i±. mt^m 
com 1 com^m^i!^m^zt5\.^x . m 2 comim^i^ 
mizmm-thu^^ (OT. jfijggp^tv^a, ) conmx 
lipm^^mmm^. m2cr)m'itm^i^mt^i^mtLti 
m^izim LxA^^K-t^ zt:^mt ztuzx-^ 
X. ii2ioM«^M4'^^sm.^^ yr^^ m 
Mmm^^co-^m!HzX'yxmL^tihcr,^m±x-^ . 
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1 0 0 1 2 3 mm^^zii^ m i . mscom^m^t^m 

1 (r>m^m^i^m<7)nm^m!!im^i!p i x i o i ^/cm 
3—1 X 1 o2o/cm3ioi^Htz$,o. m2com■im^^mi^ 
m(o n mT^m^mtiK m i comim^mi^m^ o 

< J&^O 1 X 1 0 1 9 /cm3 mTt^^^-r ^ tl'^M t 
X:-hh^bti^XK)ntL<. 1X10 'TXcm^m'-Qh 

m(7)^mm^m<'thm}^.^-^i±. m2£om^m^mi^ 
m<7)nm¥mimmi4^-^i-ftLiu^^imt'x<. %2 
comkM^MWrn-^rv K-r (undope)ji, gp 

[0013] ^ /I , ByfBII 1 i^M-(b!t^^^^!|:aW» 

^ ^ 2 (r^mAt^^wm m<mmmzYm l r /j^ 

$< L/iJ^-^. fjiE^2<7)M'fl:ft^MtcfcV^T. til 

*5!iillJ^t::JtfiS^LT/h§ < \.fz^. mim 1 coMitm^ 
mi^m CO n M^^^^3vaJg7&^" 1X1019 /cm3 mTTS> 
"9 . BaiSm 2 O^-fbJt^J^f^^/iO nM^|$^5!)iiU^;{?^' 1 X 
1 Oi7/cm3 — 1 X 1 0 2<'/cni3Ol^HT$)'i)^ t*>ifi 

X 1 ois/cmSOT, $^tz$fi L<{il X 1 017/ 
cmSJilT. ]gi>^^ L<{±r>'H-r (undop 
e) . f'Sri^-^. T^mm^M.mmz}^-y°L^j:\^^mi}^ 

[0014] tfz.mi m/m 3 comim^wm^T 

■^t^hZtt^T^hA lyGai-yN (0<Y<1 ) X'^^ 
Mi2m2c7)M'fb!f^!J^*if ^Jt«e6^x^^;Udf-^NV 

T-§ i> I nx G ai -X N (0 gX< 1 ) Tmm-^Ztt^ 

[ 0 0 1 5 ] i/t. miRwmscomim^i^m'f'T 
ti. ^ts^«t3*3».^T. Btfiem2ioM'fi:!fe^M3&^'G 

1 £DM<t:!i%^^*il (AlyGai.yN) HUfSm 

2 ^^M-fb^^f^i^a ( G a N ) t t:mtmmm^x'^^ 
■^^^zt tiK' # ^ COT' . m^mcom^mi^x o 

[ 0 0 1 6 ] t f^. ^ 1 25.l/^3£OM«^#:SI^T' 



IxGai-xN ( 0<X<1 ) T^^L. mtim2(Dm^t 
%^f*c®{iAlvGai_^N (0<Y<1, X>Y ) f' 

m^'t^zti.x-^h. 

[0017] $ i^tz. fulEm 1 cTym^m^i^mXitm 

[0018] *^H^om2Slfm B^M-fbfe^^cfg^ 
^ ^^3 K=5r> -y 

mi>z]mLX. ±^<LXi,X\>-^L. /h$< LT^J; 

I ^ o HtriEB 3 cDM-fb^^s^f^tJiiio^iiewiu^ ^^4 (Dm 
im^i^mcr>^Mmmmz}mLxi^^ < ttzm^. 

^ A- y r ^ ^ S> K ^> >y rx ^^}]^^—cr)iz # 3 COM 

im^mwmx^^itx . -yrx^.y^af--- 

c0/jN$V^m4c0M^l:%^Ml3iiAT-g^ . '&X^fifz 

c7)mmssi^/h$<f^§. 
[ 0 0 1 9 ] t/^, ^2mfm3(r)mm^mwmi-x' 

ti , BliiB^ 3 coM-ft;!|^!J^#cJi<7)^M!t^iajg 2: m 4 cOM 
-fLif^^^/icO^lifiifeMlwMLTi^t^ < Lfc^-^. 
^t&^Jicom 1 c7)M-fb!|?5^M tiJi^T . mAcomt 

^^^m hz^^mthU"^ ( OT , j^ifgp^ji- i: u 3 o ) 

OpM^M^^li^Sr, ^4cOM-fb!fel^f4sJi*»'bM^i^^ 

ll4c7)MM^*/i'4'&^i&-tl>^-r 'J HU 
IffiSil^gp^co^liE^tc J; -^X^^^fihcD^mitX'^ . 
m4 coM!^^#cil^7)^i!;^^ $ 4>i;r^« < X'% . ^tS 
^;icoffiMSK;$r $ h \,z^< f# ^ o 
[ 0 0 2 0 ] ^/c. H 2 , ^3c7)M-fb!t^J^f!ts^^ici5 
V . MiEm 3 cOM^b!|^5^^#:;ico^|iEJt^5ig,^^m4 £0 

-k. j<yY =3r> -y rx ^-^/k^-^i:^ # i 3 a^mm^ 

mwm<Dpm^^mmW}n x i ois/cms—i x i o 
2 1 /ctf co^Htz 0 . 1^4 <7)mim^mw-m(D p 

^Jt$3?i^:^)^" , m 3 cOM-fLitlJ^fisiicO^^^felilU^ 0 /J^ 
$ < 1 X 1 0 2 ° /cm3OTt3i£^-r >! h ^i^i 05f 
S tV-i, ^fc.'S>Kaf.>>y7'>x:t-.;P:3fr_;;{,.',h$Vi^4cO 
M^bife^SfrilJi 1 X 1 0 1 9/cffi3 OTT-S) ^ ^ ^ 
D*f^L< .1X1 Oi8//cii^i.:JlT-C-fc-g>C:i;;^?^$^t; 

[002 1 ] tfz. m2Rx/m3(7)m^m^mimi^i>z 
fe^'^T. fffiem3coM'fi:^??^f^iico^^!t^5M^m4 
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[0022]^ /t.m2 Rx/m 3 com^m^im^i^z 
. Hu ism 3 c7)M'fi:^?!ji|i#i2|sji<^ p m^immmt^ i x 

1 0 2 0 /cmS OTT-S) D . ^4 cT^M-ft^^f^sSO p M 
^Wmi^mtn X 1 Qis/cmS—l X 1 02i/cni3^7)|EH 
-C-$> ^ i i: *W L V \ 1^ . By tarn 3 c^^-fbi^a^^^il 
{i. 1 X 1 0i9/cm3i.:iT, $'i>t::^ff^L<iil X 1 
Qis/cmSJilT. L<{iT>'K-r (und 
ope) . ■r=5r:b^. ^M^Ss^^Hfl^ti F-r L^v^:^ 

[ 0 0 2 3 ] m22SltA'm3£OM«^frll^t3 
y'-b^± # < ^(j^ofeB^H'tito J; V ^ii ^ $ ^i: ; >i?^T- # 

lyGai-vN (0<V<1 ) TJ^^L. HUfS^4<^ 
mim^i^m^ I G ai .x N (0 ^X< 1 ) TB'^ 

aNi)^i^y^-hZtt^^i^lz1iftL^\ Ztii^zX-^X. m 

Mm3cr>m^m^^mi^m (a lyGai.yN) t. ifriE^ 
4 co^m^^i^m ( G a N ) tz:m twrnm^xs^^ 
^^ti>zti}^x'^^ COX' . m^mcomik±mi^x m 
x'h^. 

[00 24] tfz. m2 Rx/m 3 comim^i^m^i^z 

( 0<X<1 ) T-mt, BUlS^4i7Dg^|i!feii|£^f!|s;m 
A lyGai-yN ( 0<Y<1 , X>Y) Xm^LXi,^ 

[00 25] tfz. m2Rifm3(7^mim^i^m^i>z 

V . HulBm 3 ^^M^t:!fe^SMX{iMB^4 

[ 0 0 2 6 ] 1^3 <7)mim^mi^m=FX'ii. m^nmrn 
p*-m-^^mizts\.^x . Btriam i (Tym-fm^i^mcDJ <y 

dr> >y TX^^;pdf-*^HUl£^4iOM'f[:!tl!I^#:;ii7)^\'>' 

!i^3¥^MtopM^i$!feiu^*^'HuiB^4 com^m^^mi^ 
. Huism 1 (om<m^mi^m<o n s^^^^ii^s*^' 

1X1 Oi^/cnP — l X 1 0='°/cm3c7)|ggHT-ab-5'r . |g 

2 CDM^I:?^3¥^i*c;iC0 nM^^ij^iHJ^*^' 1 X 1 0 1 9//cm 



MjH^j^U X 1 Qie/cms — l x 1 02i/^ciii3c7)|ifflT' 

-:> T . mi?M 4 (^m^m^i^mco p M^^jfeiiu^*^' 
1 x 1 o^oycm^&Tfx-hhzttmt uv^ 
[ 0 0 2 7 ] s m3(7)m^m^i^mi'X'i±. mi 
n iUM^^ts^ Micij V ^x . mmm i (om'itm^i'^m 
{i. HfriEm2coM'fi:*sj^^#=;i J; vv^> Kdf.> ^ 
rx ^./t^df.'- 1 Htris^ 2 oM-fbJt^j^^a j; o 1= i ^ n 

M^^^^rlJ^ 2: ^-r ^ J; ^ izm^ L^^o . Ml £ p PJ 

m.^mm^mizt3 \ ^x . m%m 3 (7)m^m^^mi^m^± . 
m?m4com^m^i^mx d^^vv^vk^v^^ >y7-x 
:^^)V'^-tm?^4(Dm^m^i^mx o/h^v^p^^ 

X 1 Oi^/cmS—l X 1 02<'/cin3tfOliH-C-S)-5T. ^2 

com-im^mi^mconm^mm^mtn x i oivcms 
OTT-S) 0 . fif Ell 3 (Dmim^i^m o p m^m 

?^3igJ^*^" 1X1 O2 0/cm31ilTT-$) 0 . D . ^4£0 
P ^^Mif^O^gJ^*^' 1X1013 /cmS ~ 

1x1 o^^ycm^<o^mx$>^ztijmtu\ 
[0028] tfz. m3 com^m^^i^m'Fxii. m 
n mm^mwFmi^zis v . mmm i cT^M-ft^^^f^isii 

7°x^.;l^=5f- 1 HUlE^ 2 i7)^-f tiHg^ftsji J; 0 ^J^$ t ^ n 

v^T. mmm3cr>mitm^i^mii. m^4com^m 

^i^m i D vv N' F ^> -y rx^.;u^- h lufE^ 

4c^M'fl:lJ^«:iiJ; Kj^K^^^pmT-mmi^t^r^-t 
izm.^-t^ t ^'^X^ -g. . z cr,m^. luiam 1 ^ 

TT-S) -5 T . liriEm 2 (^m^t^^^Sf^iJiio n M^MJi^jii 

^7&n X 1 017/CII13--1 X 1 O2 0/ciH3£r)|ii|-C'S)0*^ 

o , Buiam 3 (omim^i^mco p M^^^i^M*^' i x 

1 Oi8/cni3~l X 1 02i/cm3i7)|iHT-$)^T. MS^ 
4 cOM-fL^^frMi^ P M^M^ilU^*^' 1 X 1 0 2 o/cm 

[0 029] ^'bt;. ll3cOM^b!}?0^#cS^r{i, m 

IE n MM^^Mi^iiicjo V . mmm i c^mim^i^ 

n M^MI^Uilt^ t^^Lt--:>. mil p {BOM-J^SilS^ JIH 

fcv^T. mmm3<7:)mim^^mii. mMm4com'it 

m^t^mX D;*;^ VVN'vFdf-v >yrx^.;l^:3f-i:WfE 
^4 ^T^^-fE^^M J; 0 ^J^$ V ^ P S^^ifeig^t 
■t^Xd iz^^-r^ z b -S. « ^ ct:):^ . BliiEII 1 

aTX$) -0 X . HulE^ 2 n M^^if^ 

iiJgy&n X 1 Oi7/cm3~l X 1 O2 0/cm3c7)|gax'$)0 
. HulEm 3 iOM-fbife^f^s^o p S^|iE!Hgi|jg7&^ 1 
X 1 O2 0/'cm3I,:JlTT-S)0. ^4iOM{l:!fe^f!|s)itfOp 
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[0030] m3comim^mi^m=fTi±. mmnmm 
V G a, N (0 <Y< 1 ) xm^L. BuiE^ 2 comim 

^^mti^mitl nxGai-xN ( 0 ^X< 1 ) Tm^L^' 

^^mi>^miiA lyOai-.N ( o<y<i ) -r-j^^t. m 

iam4 cOM-fb^^^MtS I nx G a 1 - X N ( 0 ^X< 

1 ) x-m'^-t^ ; t ^^x'-^ ^hiz^ Huiam 2tmA 
[003 1 ] mscD^'im^^mi^m^xii. tuiBnins 

xGai-xN ( 0<X<1 ) T-?gfi5cL. ItliSlg 2 cT^g-ft^ 
^mi^mHA 1 y G ai N (0 <Y< 1 , X> Y ) XW 

^^!I^#;;i{iAlxGai.xN { 0 <X< 1) T^fiJc L. 
Miam4(7)M«^*Jl{±A l.Gai.vN (0<Y< 

1 , x> Y ) xm^-t?> z t i)^x^ h « 

[0032] $ <^IC. m3c7)M«^*^^-C{i, BU 
^ ^ i: *^if t L < . MIE^ 3 oM-fLif^ii^^f^JilXii frlE 

ti:\'-^T>}^—y°mxh^zttmtL\^^. 
[00 33] ttz. mim2m3(Dm^m^i^m^x 

{i. lylS^Sttii*^' I n G a N«^#t^ >! t i>mt L < , 
Huie I n G a Nl:^5fi^#Fii-C-S)^ ^ tti"^^ ^iZ^t 

x\>^L. ^mM^#-FmMxh'yxi>Xi^. 
[0034] ^fz. 1 -::>cr>mmcomim^ 

v=mcomi>zim:t^ ]^-^'^mmi^x'h -? -c. miB p if 

Btfie n{iM^^itg^iix{iHtrisp M^sitg^ii 

[0035] ttz. mu\^-^%mm=^-xii. Huiepffli 

<^'\m t (7)mco'j^-^j:< t i^-ifiz. I n ^^tsMim^ 
mi^xnGam^hKcK). ^mammtinx i oi^xcm 

io^^w KJifi. mm^^mx^-th^<7^mwifi 
w^mm>t 1x1 oi8/ciii3iiiT-r-$)i)<r o*fi 

L<. 1X1 0i7/cm3OTT'$5l.^i:*^"$A>tz$fS L 



i^A Ym^w^mm.\iz\.x\,i.\-^. 

[0036] § A>t3, m^HA KiifcvS'ftJihiO^ 

. Mil 0 . 1 mOT^T^M'ft^^fils J; 0 ^-S. ^ 

iO^i^MJ^Jil X 1 Oi8/cn.31^JLIit;i^^-r^^i:*^' 

S=SrfrfE=^^>yrJi^J^B£t- U-^^«fifL 
^'ytl:<^h^)it^X%h. ^ ^ K JlS.t/dr -y 
T«{ip^li{piIM'fl:!|^0^Mlllt3?^fi£$iiTV^-|, J; 

"om^mx-hh. 

[0037] t.fz-^W?i^zii^-^X\t. m\-~%3(rymt 

mmw^^zmm^mwm^^^^'t. mm,^fd-z 
mm^wmi^z. wmm^wmcrimm^^'Tfm 

^^■ti>mm^^i^mFf^iBm-h^'ti?x%h. ^ 
wm^x\t. ^(^wmw^. -m^wm^. 
w%=tm^^fLfz ) mtwmwm 

^s^tLT^^LT. m=^^^m ^ tz\m=^^mk\.zm 

[0038] 

[^B3«7)^sso?^^,] 0 1 \fif.^mz^h-'mmm.<^ 

[0039] t-r, mi^feV^T. ^OTiiOTOi^cT) 

mW^. mUt^yrAT. Xh°^^;K S i C. Si. 

GaAs. Zn0^iOWPJ:0^i.^^^±l::^^$ix 
<^J;i{fMl 0/xmJ.:JLhcOGaNS^^^-r, =5: 
MSTO, Ellt-^-tidt::. GaN^lO^ 

3i3|^L^v^T-fflV^-rii iv^ (134) o 1 Hi. Si 
H-rnMGaNJ;0^■2.^^'•y7rii. ^n{i3>'^^ 

hif^^-To 1 2{±, 'mmt-hmf\.fzw.\zh'o . m 
o.zGao.gN m\<^mm^wm) hmwA^^v 

^7.Yn—I^(r>TyY—y° (u n d op e ) GaNjf 

( w. 2 (T^rn'm^w-m ) h i o o mmm $ 

T^I.^^S^1fjt^n{lli?7<y KJl^^-To 1 3{i. n 
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^-yKMl 2cr,A 1 o. 2 Gao. s N J; D i^^h^^'VS.V ^'df 

ha-AcOI no.2Gao.8Ni; 0=Srl.#F;i3;ii: . # 
F/icfc 0 i^^^y >y rx^-.;Pdf-:^)i;>^# l^M/i 3 0 
^>'/;?.ha-i.coi no.o5Gao.95NJ;0=Srl.^Mii 
2 ;§ i: :6^"3cStc-^tf- 5 mmm ^ti-ZKc6 #F1i 
iti^vSM^^I". 1 5(i. vSMl 4iO#FiiWN'>' 
•y7°J:^Vl^Jr'-J; 0 ^i^'^lS < . pM^W 1 
6 F =3f> y 7°x ^^y p=5r'- i: 0 ^ ^'v: # V \ {i'M 
g F-7°pMA 1 o.sGao. 7Nj;0'Srl>piydf^.yTii 
Sr^-^c <I^7)pil^-»r -yTJi 1 5iD^\'y F^'-vy7°J::t^ 
;l'=i?-{i:(!f^ L<{±, 0t&^miti7)p{i|^5-y Fil 1 7 

m (^4(7)m^m^i^m) j;Di^^<-ts. le 

{i, pfM0i?5>y FUl 7i:. :^'f4Jl 1 4 £7)^tz$> 0 , 
p{i^ ^ -y FJi 1 7^7)A 1 0, 2 G ao. 8 N J; 0 i>W^$ VVn' 
^ F^> -y rx^./Pdf:--^:^-^ § ^ r > F-7°G 

aNi 0=5:-&pil)X7M Fil^^-r^ 1 Hi. vSttilT&^'b 

Mii^^{aMc;$> 0 . mti^mmA o^yyx f o- act) 

Mg F— 7°pMA 1 0. 2Gao.8Ni:M4 0^y^';^F 
n— Ac?)T>'F— 7° ( u n d o p e ) G a NJii:3{?^3cS 
i,z 1 0 OTOii^fLT'5r^Mt&^1tiic7)p{pji?^.y KJi 

$:^-r. ISJi. Pffl!li7 7-y Fill 7£7)A lo.aGao.e 
N J; 0 V v\'y F^> «y 7°x^.;l/:3r'-g.:g-^|, ^ 

i.{fMg F— 7°GaNJ: 0^-S.p{i:?>'^'^ Fil^S^ 

■To 

[0040] W^H^c^^MMcoix— rs^ 
GaN^l Oc7)±tz_ha!C73#M'fl:!t^!J4^Ml 1 

'-'isimm^fifzmi^^^\^xii'o. Pdo^^-yF® 
17*- i^}L(^mm^wm\i^ f ^ r y -y i^tm^ 
^ti. y •y>^'s^ffiic$)-g>pffi!i::?>'^^ hmiBcom^ 

Wm±Mt>^ ^:^y^yy^tixm\i!,^fitznm^^'vyr 

mi i<^mMi>z\irvmM2 3t)^m^^tix\-^h. -^f^mm 

cT^^HITii, nm®2 3(ini!J^N' y7rH l<7>^m\,z 
m^^fiX^-^ttK m&ib LTi^/^'GaN^l O^fflv^ 
TV^SOT, nM^?gfi£-r-i>SP:5)'?:GaNS«l Oi 
T-x>y^>'^'LTGaNSMl OiT)OT2:^ai$-lt. 
i^^tb^-frj^^GaNS^^l OiOaBt^nTO^J^fiStt 
|5l-MWzpm®i: nm^^ ^iS{tl.^ijii:-tl.i i: i> 
■t-t:^» ±f^nmffi23i:pM2 1 fci^ratHlllfJLT 

M'M^yy^^ yymt LTp^N'>y Fmffi2 2 t ny\°>y 
Fm® 2 4 *-'i5(t iyfiX I. , ^fc^tc t ai^/c J; -5 



Ns^i 0 kco^i^zh^mm^Mwm^m^^i^x nn 

[0041 ] ^%m(7^mmBm<^V'-^^x'\i.. m i 
t3^-rsttii 1 4crfrmz^h nmrnm^mwrn^i^z 

i5\^x. '<^^mi4tWnfzi^m.^z. y^sy F^A-yTx 
i-^W. 1 -^^M-ftft^^M i: . ^ 1 <^^\'C 
'immm^ O ^^n'>' F^> >yrx^-.;l.^-i7)/h$:5:^ 
20M«^Mi:*^'^«$ixT. i:(.H3:T^^Jt^!jilUg 
*^"M^^Si1^^iii7)n(ii?v-y Fill 2^q|-Li:u 

m^m^i^mcom^ii i o o ^y^x f o-aot. 

L<{ii o~4 o:ty^:^hn-Ac7)mmizmmi-h. 
1 oo:^y^xhu-j^xK)'Lm^^t. miiom^m^^ 

mmt^j:Kf. m^i>zm'>^j:^y-y^. $)h^^ir^^axm 

mi^m. m2cr,m^m^i^m<^mmc^Tmimizm^ 
$ tL-r . 1 M^mmiThtiiix v , iuIb^ j; 3 1 

0:^^^';^ Fo-Al.:Ji±*>'^-t>*f^ Lv^, ^i^i,zmico 

ifiL<{iAlxGai.xN (0<Xgl) 
::^3&^atLv^, ||2iOM«^#:{i^li7)M'fl: 
m^fi^X 0 i>^^V F=»r> >y7"x^v^Jr'-*vjN$v^M^b 

tiA lyGai-yN ( 0^Y< 1 . X>Y) . InzGai.^ 
N ( 0 gz< 1 ) J: d =Sr 2 TUi^B^a. 3 7C?FtB^Hi7)M^ii!|^ 

tl^-t^K ^CO^Th^l^iZMt L < tim 1 C7)Mt!}^3¥# 
fifctil n. Ga^^t^UA l^Gai-^N ( 0<X< 
1) bL. m2cr)m<m^mtA l ^-^S^Sri-^I nz 

Gai.jN (ogz<i ) tL. ^Ti:>m^amzmLfzm 
t^^n^ Bmx\ A 1 ^^^Bitim) o . sm^c^A i 

xGai.xN (0<XgO. 3) t. G a N COM^-^i^it 
[0042] ^fz. A IxGai-xN (0<X<1 ) 

\>^xmiiom.im^i^i:m^L. GaN^m\'^xm2 
com^m^mi^^m^Lfzm^. OTOckd=srM±M 

(MOCVD) tZjl^A IxGai-xN ( 0<X<1 ) if 

m/GaNmcr)j^mzts\^xi±. ^^'rti(r)mi>m\:^u2 

^^;c^ii:=5:<A IxGaj.xN ( 0 <X< 1 ) MtGa 

Nmt^^mzfSi^^^hzbizj: Kimmi^m^mm- 
hzhifix^i.. ccT^chii. mi ot^hWii 0 o;i& 
mil Lxm^-th'Smii-^hw^^T-m^m^-thix-m 

[0043] ^mt^^ibM. Rx/^^ y rmtji^mt 

^<y F¥^ ■yrx:t^;U:3f:-£7)^§ v^m!ilj^^f!(:^^:^ 



(10) 



mm'f- 11-177175 



1 M^Bit<^-m^^m^m¥B^^<^Mx^hcr>x\ itmt 

hztt^x^. u—fmi-xwrnmB. led^^t- 
{ivf (mjTi^mm) t:&T^-t^zt^<x^^. 
[0044] ^^iz. ^^mtzi^^mmc7)mm(Du-^' 
m^xii. zconm^^-yt^mi 2comi (^mim^^ 

izm^^hXoi^zm.^-t^. ^ti\i\^h>^h^m}^-y°t 

Lx. i,o—:f]C^mi^z-m^>^zv-7'^:ht. mmm 
mcoi&iw^mm^m'^iz:^i±^-^^ztizx<o . ^cr> 

X'm^'^mti^mwLx^- -g.^tHct-&. oso. T^w^m 

itJg*^'^^ V -^jf i: 7&i|llB#ic#^E-r -2. i: J; D . # -r U 
[ 0 0 4 5 ] ^N':/ K^> •y:'°x^.;Udf-<?):;^^=5rM'f[:ii^!l 
l,z-}!K7cM^:ff:^:b^X^ . ^ cr>-}X7mi'^':^<^Bmz 
mt. ^ F ^A' -y 7°*vJn$ i^j-yy^ y'comims^ 

i^mt ^mm Ltzm^mx^t. nrnT-imi^mu Ltz 
mt. Ty}^-y°(Dmb(D^^um^^mx\ wm.mm 

ti^^^itV. f^y- F^> >y 'r<^>h^\mm(^W^m\k(r) 

nn-ij^^t^f'^vY^-T >yro/jN$v«;-C'#i.oT\ m 
w^^T-r^ ^ \.zy^mmzi,hw.n.^^\^ts:\^tz^. 

p (PJiO^ii F -:7% nmzz:d^7^^-^::K<TMmz 
Xht^l^^flh. t.fzvMcr)^^^ AlGaN{±Ga 
NiCJtlSSL-CSijlWlSV^o -e-IT'A 1 GaNC75:^i;p 



[0046] —-^^ F^> >y 

M-^l:ft^#:;i^:l^^ii;g^;^i^!}^^F-rL/tJ^-^. 

TOJ:o'^f^^:<?^$)^i:ii^$ix^. ^ii.{fAlGaN 

mtG^nm\.zmz'^nm.xY—y^v.fz%^. a i oa 

$(iA 1 GaN;it3it/^Ta<. MgOvStt'ftTOiS 
^JlifMg^ 1 X 1 O20/cm3 F-:7°LTl>GaN 
XU 1X1018 /cm3 M^CO ^^rV Tm&X% h cr> Iz^ 
L, A 1 GaNT'Jil X 1 Oi^/cmS^jgCOdr^ urig 
jgt*^#^>iX^U. -^^T'. 2ts:^H3T'{±A 1 GaN/G 
a N t T-^i^&^i: t . y rm^/i?^#i^^l|, G a N 

mcoU^z^Kyfrnn]^ ¥-y°-r^ ; t J; 0 . ^^-^ u 

LX^^^^fz^. F v^^;U^mT-df A- U rii^l^JfevHjKO 
iJ'-'^V^Al GaN;i$:^iJj-f-'l.7td6. ^mfl'5t;^^»JT 
liAlGaNm^^f^mii^iTt. A 1 GaNjKi^N'y F 
^> -y rx^v^Udf-co^gV^i? 5 -y Fifi: LT-f^ffl-f >|. . 
X . F^> -y £7)/Jn$ ^:^<7:>MYI:% 

E Dm^£omm^i&T^-^^±x^^'^iz^m'^xh^ . 
^fc ; cou^H^ii p mmmi>zmt^^m^-t h m^z-^ v 
L/i;^?* . n m&Mzmt^trm^-t^m'^izto t 

[ 0 0 4 7 ] ^\'>' Fdr> -y :7°X^^;^dfr—^.';^^ V^|^ 1 i?) 
1 c7)M«^f4s;i^c7)$f ^ tv* r—y'At LXii. 1 

X 1 Oi^/cmS—l X 1 O20/cm3, $A>tZ»^L<{±l 
X 1 0 1 8/cm3~ 5X1019 /cm3 Ol^ffliCfig-ri. o 1 
X 1 QiVcmSJ: O^ii'-^SrV^t. ^ 2 coM-fb^Jo^fr/l 

tl^Z<Um\^lZh>0 . 1 X 1 O20//cin3J: 0't>^v^ 

1 t^M^Cft^M J; K) h'J^-WtLilB: < . if i L < «i 
1/1 OJil±^-=5rV^:^75^II^Lv^, Mhtt}tL<liTy 

v^-y'ti-^ tMi>3mmcom\'^mtf^nhti^i}K mm 
^m^^fziib. 'm 1 om\m^w<mfi^ty^w. lt < n 

M^^»'$> 0 . -e-i^iti 1x1 Oi9/cm3OT3i)^'M* 
L*'^ nM^^fei: LTJiS i . Ge. Se. S. 

Si. Ge, SSrnM^|iB^%fc-r-g>o 

Fdf> >yrX^.;^dr-_;{)i;*;;^ 1 a)^'{t^^l^m\Z 

nST^M!fe^ii'-=5r< F-y°LT. ^n'>' F^^ yTX^./l^ 
F -r-r -I. t |5]i^T-3^ . 

[0048] t.tz. ^mmum<r>mm<^v-^%^x' 
ti. n 1 iw^-r^SM 1 4 <7)jigp(cE5 § p umm^ 

Wm^\.zi6\i^X . W&Ml A}:.m}rvrz^mxz^ ^nVF^" 

A- -y rx^.;^dj:-_£r)± # 3 (^mmi^wm t . m 
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c^T^nmi^ijm^j: ^im^mm(7) pM:^ ^ «y Hit 1 7 

^^LTV^-l,, it7)p{i^7.y Kill 7 0MS^/l?r^ 

Hill 2i:|5lt<. 1 0 0^>'i/;^ha-AmT. $ 
^(3if^ t<{i7 0:t>'^-^hn-i.OT. St^fSL 

^L<{iA lyGai-yN (OgY<l. X>Y) . InzG 

[0049] pMi? y -y 1 7 ^®^&^^5tt-r?. 

< V ^^flsT-$) -l.it i^tlX V ^-1. . P Mi^H^H ^# 
-I. fznb P M^^ife ^ F -r L /cM^tW^f^sii ^ T-- 

^2 540 7 9 1^). L:(?^LpM*i#'^ix;^^i:V^-:>T 
[0 0 5 0] prai^5-y F«l 7c;5^3c7)M'fb!|?5^#«s 

®co:^<^pM^^^?gig.g^:A:#< LT. ^N'^F^>>/r 

jL^^/u^—c7)A^^^m4copm^nmi^m^4--^<. is- 
^ii^mc^pmpfmamm^A---^ < tx . f^> ^y 

[0051 ] m3cOM<L^?0^SM'^<7)if^ LV^F-r 
ii: LT{il X 1 Ois/cms—l X 1 02i/cm3. ^ i^lz 
1StL<i±l X 1 0i9/cm3~5 X 1 O2 0/cm3i75^Hl; 
W-r-S., 1 XI Oi8//cm3J:>9i>^-''SrV^i:, Hatzm 

AcT^mim^i^mtc^m^'j^-^K^-ox. mmiz^^ 



X 1 02i/cm3 i 0 i>^v^h . ^^B&f)m<^j:hmmz 
m 3 c7)M'fb!|^3^#c;i i; o ii--^ {-mtf m < , if 1 1 < 

^\ mmi^zii. mm-^mi^fzub. m3<7)m^m^mj 
^-^mwiLx<^pm^m.m'^hht^t^hh:b\ 
m%m^zii\.^xB:mj:mW:^nhtzi!bizi±. ^coma i 
X 1 o2o/cm3mT*^'a^Lv^» i^. pmpfmmtLx 
jiMg. zn. ca. B ^^commmmmuAm. hb 

]!^7Cil?rMiRL. L<{iMg. C a^^ pM^ligij^j 
fc-ri>o icof^fflfi. ^N'>'F^>-yrx^x;i/;af_^J;>;^ 
V 3 cOM^ftft^flsil 13 p ^r^-^ < F -r L 

T , >'^> F ^> >y rx^-.;i^^— :<>vjs$ v^m4 (r>m<m^^ 
mi^mi^zpmT-n.m^^< }'-y°-t^>^^i^mnx'h 

[0052] hi,z^fzmm^z:mm-&mim^ii^ 
/ftcfci^T, r-mmmm^^zv-T^n^mii. ^ti 
^'tim^yjmznt. ^mi^m^^^ {m2(m.\m^ 

xii^4(7ym.im^^i^mizjEm-t^u^) c^^^m 
ti}mtLi\ Mi>\^mizwim-t^t. mx.iinmT-mm 

i; LTS i & F-rL/iA 1 GaNi:. T^F-rOG 

aiNmtxmm^m^m^Ltzm^. a i GaN{±s i 
m=¥-i±^^y'^^^i'Com-^Ga.N</)mmmzm-h 

■g> , G a N ^B^H^" t::ti F -i—^W^^ F -r LT v v ^ 
C0X\ ^mmzX^^^VTcr,^Sr^t:^i'f:^j:\.\ ^CDfz 
Hbmi^im^l^ZG a N^H^H4'?:ffil< <I t /^^T'^ , ^TO 

:ffxa)^^tmULXisK). m^a:^rS]iomM^^i& 

^-y7°X:t-;Wdf— iO::'^t^V^A 1 GaNtCfel^T. GaN 

mt-^im&^mh-fz^^m^znm^mm^^mmiz f 

^i&-ri.«^£7)-5^, A 1 GaN®^^Jfrv^^^^ilai-r 
-l.mTO. Al GaNil4iOGaN®iZi£1g-ri>gUt«-t3 

h^nmr-mm^y (zct^^s i ) i^ixa^^^^^ 
\^x. Nmi^zj&m-t?>M-:&z:Ty\'-rt-tht. 

A 1 GaN;it;i5V^5P^^ili^-t-S>mWS iiomtr 
^m3<<^|>c7)T\ $A,t::T>'F-7°GaN;iC0W 
Jg3&^F^±-r-SOT$>^o -ft^ii^TM^Sr-S*^'. pa» 
^ 3 i7)M'(t:!}^^f*:S i: ^ 4 com^m^i^M t Xim^ 

isgt-, pUT^mm^^K F-rL, ^4<^m^m^^f^ 

mi>ZjEm^^^'^t:'J^-''j:<-th:/}\ t^fiT^ F-r 
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c7)/Jn $ ^j:m^m^^i^m n m^mm ^ ^ < f - r u^^c 

[00 53]l.:Lh. ni!l^7«yFH2. pMr^'^-yK 

^^•yyrmil. nPJ^^--f Kill 3, P»-\"yrM 
1 5. pfB!j5fe;«M H/il 6. pfflin h/i i 8^^ 

t tin- # ^ o n mm^m^ ^ti^nm^^-yyrmi 
1 t:mm't'ti t . luiaH EurizmuLfz^^^m 

[0054] $ <^t;, *^BJc7)||JSJ^®,c73L— ff'S^l; 

5 K/i 1 2 i:vgtt;i 1 Atiomiz^ ( >r^oJ^-^ 

n^^^4^!J) im.in X 1 Oia/cmSOTtlpS^il/:: 

Xli. 1X1 Oi9/cm3OT^^F-rS:-r-^;h.{J. 3^;<7 

3 1X1018 //cm3 OTT'S) Sit *^iF 

^L< . IX lO'TXcn^l^iTX'h^^lti^^i^^zn^ 

[00 5 53 ttzmmmmcou—^m'7-^zti\.^xii. m 

t^'lFm^^^Kc^pm^y-y FJf 1 7 t^Sttil 1 4 i:<7)^ 
tc. ^i^!f*J (;cO^-^pS^M*S!I) iHJ^J&U X 1 019/ 
C1I13 JilTtzililS $ tifz P ffl^^M H Ji 1 6 :bmm. $ ixT 

^^mztsK^x. pM:^'^ v^mi ecD^^ummm 

i±. 1X1 Oi9/cm31,:JlTT-$)ix{f ^^Lv^^ 
^^«^{ilxi Oi8/cm3J,:JlT-C-^0. ^^]<!f^L< 

pM:^'^ }^mie commmn nxupco^ ^-rtix- h x 
<. ^mmmi^zii^'^xii. mmMiz:b-^>h^i'pmyt:^' 
A YMhnj^. t.tz. mw^zxt. pmp\-mw^cr,mt- 

^t£^tTi<73pm^'-r Hill 6tCA':>r<§TO14 

^(npmitii'A FSi> I n^-irMM^ 

[00 56] ^-If , ^ 5 -y KMt iO^t^rr^- K 

^ti3l^3 6 0 — 5 20nm. ^#tZ3 8 0--4 5 On 



\tnwm^. p'm-m%^Y-r\^fzmm^mz 

ia^*i. 1 X 1 0 i9/cm3JilTf$>ix{f -S. , 

[0057] ts^oT. 2!s:^H^c^*f ^ t».^ffl.^-^:bit i: L 
T ti . S-tt® i: {iBi3^|iE!fe)}0i'^llil F - 7° $ fLfz 

[0 0 583 ^^^w^^Lv^mt tT. -^mmmt 

mF?-X'\i. pmii^ YM 1 6 hviSttil 1 4 t <7)^tz. 
li/icO^FJi. WpW^ Hill 6-^ffic7)ys,>Fa(:> 

^^-ri)Mi?o . 1 A£ mOTtT^^-fL^^^^ 0^l> P 
ill^-r-yriil S^^^'B^^tLTjoO. ^iOpm^-yr 
m(^'^-ms'^m.ifi\ x l Oi8/cm3I.XhmiiIS§'ilTV^ 
icOpM=^^-yr® 1 5OM/l{i0. lAtmOT. 
^'^tztffS L<{i5 0 0^^i^^Fn-Al.:iT, ifti*? 
t L<ti3 0 0^>'i/Xha-i.tJlTCIiS-r-g>c 0. 
1/zmj; Oi¥V^MilT'fi£:^$-1i:l)h. pS^-v>yTffll 
5 ^ ^ <y ^ *^'A 0 ^-r < =5r 0 . ^b^bIS ct)^ V ^M-fb^ 

\^^z<\.^iy-i-,x:h^. zcn^o iz^ -^y K 

^> >y rx:tvP^'-*^'>*:# 'Srii^vgttiKwJf L-C, 0 . 
1 Ai mlilTcomxi^^-r i i: tiJ; 0 . ^ytm'T<7) U 

m^}^i^WK^tifzm^^K <y7°jl£0X:t^yl^^-yN'U 

^^c^mmfj'^mK ^j:^fzi^i,zmi'^w<^ii!,ti^\^±^'^ 

h^tifX-^^. tfz. ^m^i^miiiy< 1 0i8/cm3 

i^jjiizmm-t^it^'^^^hh o ic7):Jr^ .y r;ifiJti^ei3A 

lz^K)'^-ti\ :i(Drzibyfm3^Y~y°^^Ztt^zJ;:'0 

^^vrm^^^<Lxmim^Tifx'^{^^j:i^t. c: 

com:b-mm.in.Kc i ilc^ i a ti=5r O . p - i - nlfjt ^ 
fc. CC0p{I!ltz^^S^-r>y7°«*i:. niOtzj^iSLT ^ J: 

[0 0 59 3 iii±<7)j; ^ i,zmm.^tLfzmmmmcDu~-f 
m^mmx-m^LXi^hcDx\ nm^ y -y vm 1 2s 

/t. *«?^®c7)^-ifS^T1i. ntii?^ >y Kill 2 
S-VpfflO^ 5 -y Kii 1 7 &^tS^M3tT-1i^-rSJil$'M; 
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[0060] liLtcommmmTii. nm^^^ ¥m 1 2 

m/pm-^ 5 >y YM 1 7 ^^tg^^t^t^: LtztK 
It^tthzm^-t. ndli^^-y Kill 2mf^m9y-yY 

[00 6 1 ] ^/c. ^Jfe?^S-e{i. n{pj^ 9 >y Kii 1 2 

m/pM^ 9 -y Fil l 7 ^mm^mmt LtztK ^^^m 

iiZtllzmi^-r. nM^^'y YMl 25.t/pfffl^ 5 >y K 

[0062] m_hco^Sfi?^.^T1i. l^-ifS^t3i3».^T 
niO^ y >y HJl 1 2mfpm^ => 'V K/f 1 7 ^^S^g^:^ 

( L E D ) mcom-im^^wm^i^zmmT^ ^^t 

^r-f^-HTii. Vf (JiiMliE) ^Tffi);i: 
[0063] 

[^Ji<5ij] mT. mi. m2^mz:^^m(^mmm^m 
[0064] mmmi^^yr-^T (cm) x^^h 

mmcr>±izGa.NJ:^^hy'i-/yrm^irLXG3iNX 
K)^j:hmm^B^5 0MmC0^mX'm.M^-ttlGe.N^ 

lo^mmth^ ^^GsLNmmio^:Km^^mz't 

•yhL. 1 0 5 0'CtX±if. V T:ff ^izyi<i 

m. M.m>^'^^ZT>''e—TtTMG ( N U^^/k^'U-^ 

1 0±t;S i ^ 1 X 1 Oi8/cm3 Y-TLfzGciNX 0 
^i.n{i^S-.y^r/il 1^4A£mi7)J^t'^^$-lt-S>, 

Ltim^izlinmm^m^-thfzi^cony:^^ hmtL 

xh'i'^m-r^. -^^iz. ;icr, nm^-^ 'yyrmii-miSiX'^ 

^^•\ti>^'^'yyrmxhr). mm^yr^T. S i 

c , ^ ii'^^ji^cox o i^zmim^ii^wb mti:^mAx o 

ti:hmW.i^±.l>Z^ 9 0 0°cmT^7)ffi;^i;ii5V^T, Ga 

h^^'yyrmt\tm.m^tih. 

[00 6 5] ( niil^^-y 1 2-li?&^®) 

1 0 5 0°CT-TMA ( h U^^;l/T;P$::i'^u6.) . 
TMG. Ty^-T. iy^yA'X^m^^. S i ^ 1 X 1 
Oi9/cin3 F-rL/inMA 1 o.2Gao.8Nj; ^tc^W, 

Xi^^y^'y^. TMA^rihi!^. TVH-^^cJ^GaN i 0 

^Lxmim+^2m+mim+m2m-^ ■ ■ ■ t 
i,zfm=Fm^-m^v. ^ti^ti i o o«-ro^ 



7 y KUl 2^^^^^h, 

[006 6] {nm%i]^Ymi3)m.\^X.'^yy:^' 
y^'k±^. 10'5 0°CXryY—y°GainX^ts:hnm 
itilA KM 1 3 §r 0 . \ p. mom.WX'^^^^h , 

GaN. I nGaN2:fiSt:l$^i:i>ii:*^M^ t<. il^ 
1 0 0:t^^"^bo-A~5/zm. $^tI^iL<{±2 
0 O^yi^'XhO-i.— l //mCOMT-^^ir^it^cIh 

<r ^: m^m)^'th^^^z\%)^y Kdr> .yr 

x^./l^^ir'-JivSMcfc O:;*;^ < , rim9 7 -y Fifc^A 1 
o.2Gao.8Nj:Oi.vh$<-ri., 

[0067] 1 4 ) <^:tc. to^xhtmg. 

TMK T>'^-r2rMv^i:?S't4Jll 4^E!c:^$-ti:l.. 

vgttiii4{sa^^8 0 0'ct;'S:1^LT, rvK-ri 

no. 2 G ao. 8 N J; 0 'Srl.#Fii^ 2 5^ V^-^ hn-A 

<^<?:aT-|5]— IS^T'. T^F— ri no. oiGao. 95NJ;*9 
^jihWrnm^k 5 O^Vi?';^ Fo-AOMJ¥Tm:^$-ti: 

h « c co^if^ s: 2 0^ 0 L . mmzn-^m ^mm \^fz 
mmm-i i s^yyy. Fn-i.i^^afi^#FMit (m 
Qw) (7y'^><m^m^^^h . '^><&m\tim'm\<r^^^ 

T >- F - r-C- i V ^ L . n M^lifiifel^ltX/Xti p 

M:^i::F-rLTi>^<. v^-rtL*>-:^tzF-rLTi> 

[0068] (pm-vv:7°iil 5 ) JMw. iS^^l 0 
5 0°Ct;±^f. TMG. TMA. Ty^—T. Cp2M 
g (i^:7a^>-:5'i^x— /i^Vi^'^t-v-^A) pIO 
^;if-f Fil 1 6 J; 0 C> A> F'^^ -y rx:T^;l/dr-J&^:';:# 
V\ MgSr 1 X 1 O20/cm3 F— :7°L/ipMA 1 o. sGa 
o.7N±'9^'l>p(I!l=3f-\"yr®l 7€r3 0 0^>'i/XF 
o-AOMJ?T'fi!c:^$-tt-S.. C10pM^-v>y7°;il 5{i 
m\,zW^fz^o{z^ 0. l//ml.:J[TcO^<iS^T'?^€ 

[0069] (p{il7\i^'-f Fill 6 ) g!^^TCp2M 

TMA^ity?. 1 0 50^C-e. ^N'>'F^>-yrx^^ 
)V^-ifpm^^-yy°m\ SJrDl)/]^^^^ TyF-7" 
GaNJ:'9^l)pM;trW Fill 6^0. 1 mCTjU/f 

X-^^^^h. :L(n>m\i. W&mcn>%iiA FJifctT^'^ 

ML. nM3fc^-f F/il 3a;[n]t<GaN, InGaN 

m^ryY-ycr>^\Y?mmw. ym^^Y-y°\.tzm. 

t -r-g. F ^> -y rx^v;L'^'-{±vg'ttil 
'9:'^^<. p(B!li?9>y FJi<7)A 1 0. zGap.g 

[0070] {pm9y'yYm\i)-m.\-^x. lOSO 
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"CT'Mg^ 1 X 1 O20/cm3 l^-y'LfzpMA 1 o. 2Ga 

m 1 7 ^mm-^ , 

[00 7 1 ] (Pffj3>'^^ h;il 8) 105 
O'CT'. Vmi 7c7)±t;. Mg^2x 1 O20 

/ctf h'-:7°L/^pMGaNj; 0^l> pffl!l:3 ^rJ^ hi! 
18^15 Or^y^^'xYx^-j^amrnx'^^^^h. P 

m^y^^ hmi SUpmcOl nxAlyOai-x-yN 

( o^x. 0 SY, x+Yg 1 ) Tmm-^ ztt^T-^ . m 

lyGai-yN$r#tf^t&^^jtc7)pPJi?^-y 1 7i3 
f^s^-piO^V;?;? Mli: LT. -?-c7)M§: 5 0 O^^^^J^" 
^rJ'^ hill 80^-vyTi^J^*^'^<^»9pMt»^ 

[0072] OiicOJ; ^ LTM«^^*5rfi5t:g$-tJ: 
fv:^i-^^^^^5^§lrti3fcV^T, M3^#fflM4'7 0 0 

°cT'r--y v-yLtzm^ 
[0073] T--U yv'ik. ^ ^-^^^Kmm^t^t^ 

cr,pm-=i>^^hmiSt. Pi!li?5-y Fill 7fc^x 
h 5>f r U -y i^c7)Tt;^43-r^ i: d (i^oTM 

*^ffiT-r-i. o mzmw^mx o 'Sr^ p«^ ^ -y f;i 1 7 

[ 0 0 7 4 ] ^^iz 'J -y ^"B^L. R I E 

tcTx-yf->'i?'^m\ nm^^-/yrmi laymm^m, 
2 3^m^'thfzi^<D^yi^ 9 hmt Lxh^m^h. 

^fclll-ftinffl|7N'«y7ril 1 1 SrnV^i? hSfc LT 
i^^*^ GaNS^l 0^T-Xv^yiJ''§rtfv\ UttiL 
^cGaN^l OSrr?^^:?^ hSt-T-l. ^ t 'LT S 
[0075] iXtZpW^:/^:^ hill 8<7)U >yS/^OT 
tzN i i:AuJ:0=Sr^pTO2 l^Xh^-^y°mzmWL 

hpmM2i<7^-mmh\^x^±^ mu-xm ^ pt. p 

d. Ni/Au. Pt/Au. P d/Au^2:^(f 
[0076] -U. Tit Alii ntch nmm2 3 

{5 h'nai^ it/v: n -y 7 r if 1 1 commi^zx V^Azr 



mzm^-fh. nm^^-^yrmi l. ^/cfSGaN^;^ 

1 0i:Sf^ LV^^-$ >y^>{?^'#^iX-|,nm@2 30^f^ 
i: LTiiA K Ti. Cu. Zn. Sn. I n^cT) 

[007 7] mz^ m\\iz^-txo\.zpmm.2\}i. n 
m^2 3 t(rm\.zm)^ \^fzm{\M^wm(r>mm\izs \ 

O2J: 0^l.^^2 5$rBBSL, ^i7)^Jl2 5^^ 

LTpii^2 1 tmm.mz^^\^tzp f-^'v Hm^2 2, 

2 {i^®s*j:sr p mm 2 1 c7)^m sr m-fx . p muffli ^ 

y^-V-^Vx ^ iJ'W y^J'-T-t hXo\>Z 

•th^^ii^hh. —yj. nVN'-y FTO2 4{inm@2 3 

[0078] ^:JLbi^ci:3l:iLT, nmbp^^hS:?^ 

^rS^^^-yb'^^L. ^yrArm^ff^W^'klO 
umft^. ^'yt:y^^k. ^ ^izmt^^-^mmMX'i u 
mTt^v >-yi/Lxmm.mm^mw^t au/s nr 

[ 0 0 7 9 ] -!-c?)f^. Au/SnM^X^9-f7-LT. 

mm^z^^^im-th. ^^®tzs i OztT i 02 
cfc D^^i^m^^/ij^^?^B5tL, m.mzpmmzw-'^t{: 

-)^\^X\ ^^-^^mi^X\y—^^'vZrtLfz, mzi-^y 

^ y^Lx^ m.iMiX'u-'f^m^m^fzt z 
Misufcc^T. mmmm.m^2. okA/cm^. ^ 
OTffi4 . 0 VT'. ^m^M4 0 5 n in(^Mm^m*m 
m^ti. 1 0 0 ommuLtcr>m^t:BLfz. 

[0080] [ mmm 21 ms li^^^mc^mcT^mmmiz 
i^hiy—^m^(?)mm^^'r^^^j:mmmx'$> 0 , m 
itmt< u-'*fyti^ikm^\^i>zmm^j::fj\^xm^^w 
mLfzm(omt:^Lx\^^^. iiiT^c7)m^7tizmmm2 
(,z-Di^xmm-t^.. msi^jov^r. mim/m2t 
mmcoi^c^izummco^-^^ntx^^. 

[0 08 1 ] 7 r-rr (cffi) X ^^j:^mm(D±i,zG 

aNj;0'S:l>^'^">y7rii?r:n-tTS i ^5x l Ois/cm 

3 F-rL/^GaNj: O^I.#^H^B& 1 5 0A£mc7)J^/P 
■C'fiS;:^$-ti:/^cGaN^^l O^fflS^S, ^£7)0 a 

m. 1 0 £7)±t3^MM 1 1 mmiz LX. n ^' -y 7 r /l l 
1 ^m.M^'^^. 

[0082] ( ^ 7 -y 1 9 ) ni!l^N'-y 7 ril 1 

:^5:S0 OrtZtT. m;>yxtzTMG, 
TMK T>^^T. ^Um^'XlZi^^yy^'X^mi^. 
S i 2r5x 1 Oi8//cm3 H— 7°L/i I no. jGao.gNJ: 
^^j:^^y-/':^m±mi 9^5 0 0;t:^^Aho-Aco 
MiSTfiJc::^?-^^ . .r £7)^ ^ >y ^ |J6±ii 1 9 {i I n 
O n Mi7)M^b^?0^^^4: . *fiL<{4InGaN 
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R^ih/itil 0 0:t>i?";^hn-Al^JLli. 0. SxtmOT 
mUz<<. 0. 5/xmJ;0iJ5v^i:. ^H^agf^s^&^H^^ 

[0 083] 9y-j9mstMi 9^mk. mmmi 

\^mi2b. TV K-7°nffll3t;^-f 1 3 
[0084] ( nffiO^-r >yr;i2 0 ) igV^TTMG, T 

1 3 J: 0 t^-N^-K^'-r >y 7°X:t-;^^'-:*^":^^ V\ S i ^ 
5X1 Oi8/cni3 H-rL/^nMA 1 o. 3 G ao. 7 N j; 0 
t^:h nfM^A- ■y7°ii2 0^3 0 0 ^y^'X h a-AOM 

[0085] rntmm 1 1 R^t^ lt vSttii 1 4 . p 

(11=^^ -yT/l 1 5 , rvK-rpiO^^^W Kill 6 . ^ 
Pb'-r$tL/i^1§^ctO=S:^p{i^7-y Kill 7. p 

[0086] mtwmwmwumk. wmzx^xr-- 
'jy^^m^. pm^msk}^-y°Lfzmk^hizim 
mt^-^. T-~vy^m. m3iz^'txoi,zM±mco 

pM^y^^ hmiSt. pMiJ'^-y Hill 7^^ai>y 
[0 0 87] U-yi-W^m. Pii^y^i? fill BiOU 

y'^zm^ L . pm&2i m<Dm.mm(DmAm^miif 
m<^^zsi02x^^j:hmm.m2 5^m^L. ^^o^ 

^25^:n-LTpM21i: mMmizmm Ltz P ^ t -y H 

m®2 2^^m-h. 

[00 88] miiDj;^t:t-C. pm€rJ^B£Lfc^x 

!^*L, GaNSmi Oi0^ra^lll±S$-t±^. ^aitJt 
G a N a^^®c^{5{5'^ffi{c Ti/Alj:'9=5rl.n«^ 

2 3km^^h. 

[0089] mmmmkG a n^^t^mb mim^ 
i^'k:t^-i5^B^XT&w.\^fz^^z-^n^cr)mmi>zm^^-th 
m) xmmL-. ^(^mwm^zs i OitT io^x^^xh 
im^^mm^^m^L. m.mzpmMhz^nKs:-H\^x\ 

mizm^i<zt6\.^xmm%mk7r^L. mmmi tm^mm 

[00 90] imMMs^ mmmn,zii\-^x . nm^-^-y 
yrmi i^mk. mmm2tmmi>ztx^y'y:^?)i± 

mi9k^-M:^^^. iXtC-f-cTJif^-y^lJj^ihJlOiiC. 
S i ^ 1 X 1 0i9/cm3 V-TLfzA 1 o.sGao.vNM 
^— ;i^7);j*:J;0=5rl)ni!l^7 y Kill 2^0. 4/xm£7) 



mrnxM-^^t^. m±mmmi t^mi^zLx . 
tzi3\ m^i>±mmm 1 co^-Hf^^ j: 0 i>^^< ^-o 
[009 1 ] [^Mc?ij4 ] mmm 1 tc*iv^T . p ^ 

-y 1 7 ^:^B^t::. M g ^ 1 x l 0 2 "/cmS F-r L 
/iA 1 o.3Gao.7Niim-iiS:0 . 4 /imO^ilTm:^ 

^^i>mt. mmmitwm^zLx. v-^m^^fm 
i^tzb^h. n^<m)^xu-^^mk^^LfztiK 
immm i (^V'-^m=f-x o i>m=m<ti:-^tz. 
[00 92] immm5-\mmm\>.zii\^x. nmi^^ 

>y Kii 1 2 ^Ml^liitt-lir-f S i ^ 1 x l Ois/ 
cmS K— rL/::A 1 0. 2Gao.8NigO. Ajsmfth. 
t.fz. pMll^9-y Kili>mtl«i?g^mjtfcit-r\ Ms 
^1X1 O20/cm3 F-rtJ'cA 1 o.iGao.sNilO . 
4jumt-r^» ftii^Dt;. n(il3t;5-f Fill S^TVK 
— 7°I no. 01 Gao.99Nii3 0:t>'i7';^hn— Afc . S 
i ^ 1 X 1 Oi'^/ctf K-7°L;tGaNl3 O^y^'^ 

K D- A t ^mif UT^cigMi? 0 . 1 2 ;u ma>wt^mm 

bL. pfil3^^W Kill e^r^K-ri no. oiGa 
o.99Nil3 0^y;^">!.Ka-i.i:, Mg$: 1 x l O^"?/^ 
cms K-rL5tGaN;i3 0:ty:?^Xhn-A,h^M 

t/::i^i^/? 0 . i2fx m<DmmTmm.t-thm<immm 
ibnm^,zLx\y-^m^kmL-tztz^^ iRit<^ 

[0093] [MS£f"J6] «0iJlt*i3V^T. nffl!|y\'-y 

7Tiii 1 ^j^^-r-s.!^. rvh'-rGaNii?r3 0^ 

i^iJ'-Xha-Ai:, S i $r 1 X 1 0iVcm3 K-rL/-^ 
A 1 o.o5Gao.95Nii$-3 0^y^';^ha-Ah^mil 

\^fzmmm i . 2 m <Dm^m t-th. mtmrnm 1 

hlHl^cLT. nm9y-yYmi2t)-h±.(Omk^-^^ 
U-^'m^k-r^. flLnM^B^-ti.^. x«y 

^y'^izxK>mtii^'thmii. m^coi. 2umcr,mm 
"T-mco^^mtL. ^coim^miznnm'kMm'^. z 
<7)u—fmi^i^mm^zm^izi5^-ixm^m^t. mma 
mmmicoi,c7)izimtx^=Fi§rFL. ^^tii 0 0 0 
^mi^xtxh-^fz. 

[0094] mmm 1 ] 114 \i-i?mi<7^'^<^mmm\>z 
\%h v--^m'^(nmkk^<r>mmmmmx-h 0 . fui 
<rmmhn—^^r\tn—m'k^\-^x\^h. ot, ^oia 
^m\,z%im\i\iz-^\-^xmmth , 
[0 0 9 5 ] ^jfe<?iji hi5it<. 2-fy^.^. (000 
1 ) om^^mt^h-^y r A rw^3 o^o±t;5 0 0 

^C\,ZX. GaNJ:0=Srl.^N''y7rJi (H^-f) ^20 

^:^yy:^v^-d^(^mwx'^^%^z^k. ^a^S: 1 0 

5 0°a3L.-Cr>'K-rGaNii3 \ %:3fxmWMX"^ 

fihi^(r>x\irj:< . f<^-yy rmx'^i.wx^mm.x^^^ 
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mmiiV-yT^TcDi&. sic. ZnO. Xb°^^;U. G 

[00 9 6] mz^coryY—yGa.'^msi^-^m. 

mm^z^ jKVy^zr^cTiy^'cV'^^^^m^L. CVD 
U) 5//m£0S i O2 j; 0=5:1>^.M3 2SrO. 1 um 

-nti^. '^^n^m^'Mt£\^G^ N^is 1 0 ^Bg::^$-<i:^-r 

v^, ^^M^TOi: LTJi, ^?iJ;i{i'^'fb^^# ( S i O 
x) . M^-fS (S ixNy) . S?-(l:^:J'>' (Ti 

Ox) . mc-j)vu-^j^ (zrOx) m<m.\m. mit 

mii. mim^i^cofSLM^ms 0 o-c— 1 1 0 0 w 
iagt~l>iii;t. ^<:r>mmi>zmim^m^^^t^j:i-^ 

[0097] umms 2mmk. ^j^-^^^wmKmm 

^mz-t-yhL. 1 0 50°CT\ TyV~y°GaNXK) 
tchGaNmWLl Ot^^hGaNm^S: 1 OumCDmmiZ 

^^^"^t^o ^M:-^-^^GaNmcois-tLi^^^mm 
a. ^izmm.Lfzumm3 2c^mm. ±^^izx->xh 

n\^xm-H\^ (ff$:^i*]t:M^:^f^) i<zi,^m-hX 

o i^z-[-^cr)m^i>z^-M:^-^h . zc7)Xo i^zm^m^mi^ 
ij^f^^ uz<^ ^^m^^-r^^mm s 2 (D^m±t>z . m 
-)j\^izG3iNm^^M^-\t^^mxGaNmmi 0^^ 
M^'^^i:. m]immm3 2<7^±^ziiGaNm:^'^^^ 

it-r. m^^TyV—rGa.Nm3 1<^±l>ZG3iNmti^ 

miRm.^^ti^. m^^xGaNMco^-^^mi'T^t. g 
a Nmt>myj^iz^^Lx . ^mm 3 2 ^o^tz^v -^j^^^^ 
^->xn^. mmLtim^t^^m.-M:LfzG aNm^±x'-:> 

Kct^-yX. UmmS 2CD±lZGaNm^'^fS.^Lfz:^^cr,X 
3'Sr«Sfc=Sr^, oSO. GaNJlS l±tZ^F.™3 2 

^:n-utGaN;i^^:^f^t3fi!t:^$-<J:i,„ mw 

^d:Ztii. 'tyr-(^&1^3 0cr)±l,zm^^tiX\^^&G 
a Nil 3 1 COm^aXmt . UMm 3 2 cr,±t,Z^^-BtlX 
i^hGaN^l Ot(7)'^^BXmcomXhh. -tKch 

■tb . mmmm. t mitm^mi^ t cot^^m(7) s ^ -7 ^ 
iz^ 0 , mmmm.cr>±iz^M:-^Mm-im^mzm^ 

izm^^Mm^m^i^^^^^. mmtx-m^yho 
—-fs . ^mmm 7 £0 J; ^ . umm 3 2 ±.i,zmi^\^ i,z^ 



^^ixfzG anmi0. \ oti. mmmii.izw^m:Lfz 

^>OT{i^< . ^•thmA^h^^'^^fzG aumtK 

%mm 3 2 ±.\.zim3\^ ^z^m-h ^ t 0 ^^^\>z-^ 
tctf- -z-fzh (^xti hfz^. m^nXimmtmmwm^ ^ 

m.m^^\^tzi,cn>\,Zit^xnn^Z^J'-ts:<^j:h , vt^x. 

mm^}Li,zmz'^fifzm^m^m^m<^±.^,z. ^m^^ 
[zm^^fttz^m^^m^Lx . ^<^umm±.hzimj^ 

{z^^^fiXti:hGaNm^:mWLt't^:ihlzX^ . m 

mm 1 COG a N^tiTO LT . \ihMzm^Bxm(^{i'- 

^V•iGaN^*^^#^i>i^-S,. T^-H— TGaN® 

3 1 O^B^^ j^pgti 1 0 1 0 /cmz i^XhS!) ^ ^ <?)^]56CT 
7 C7):^^tz J; ^ G a N ^ 1 0 cO^H^B^FigJ i 1 0 & /cm^ 

[0 0 98] l^JLtcOi^tZfCGaNSMl 0^?^^L 
^^m. MG a ^mi^i,zmmm l [al^^i:! LT S i 5r 1 
X 1 0i8/cm3 H-rt^cGaNJ: n {il^ ^' -y :7 r 

m. w^iy-^^vmi \ ^5jj.mcom.wx'^^^^ttz 
mmm2tnw.t<zLx. s 1^5x1 o^^/cis^y 

~y°]^fzl no. iGao.9Nj;'9'5:"l>^7-/^[SSlUll 9 

^300^y'/xhu—M.cr>mM.X'^^-^-^h. i^, ^ 

[0099] ( 4i^a5*^'^^^jtJg<7)ti1^^tiitO n 
tii^^v Fill 2 ) J^tC. 1 0 5 0'C-C\ TMG. 
^-r^-;^a:ffll\ T:^ h'-rG a Nil^ 2 0::?-^^;^ 

h n— i^£0M/5T'^:i:$-li:l)^ -fc I; j; D , ^^'>' >/ 

mzm^iMMiiZx. TMA^jijnLr>'F-rA 1 

0. iGao.9NJi§:5:t>'i?''XhO-AC^$^, ^V^T 
i^^>';<?x2:iiJaLS i ^1 XI Oi9/ciii3 Y-y'Lfz 
A 1 o.iGao.9NM$:2 0 ^^^i^'X h n— jUcOMT^ 
^^"^fzm. S i 2r±a6Tr>F-TA 1 o. iGa^.gN 

m^-^i=>t,z5:ty^'xh u-M.cDmmxm.^ ^ith:it 

T . 1^ 2 oM-fb^^s^M i: n 1 (^mim^mi^m t ^ 
^izBomtrnm-h. mmm7x-ii. m2<r>m. 

omiz^j:^J:ol,zmmL. 0. 6A£m/sc7). S1^^i:t 

[0100] mmmi trnmiztx. nfi^^w 
HJi 1 3 , ySttJi 1 4 , pjai^^ >xrii 1 5 . pmyt^' 

^ Kill 6^Jiim:l^it^, 

[0101] (>+'^a53&^is^MftM^«7)M'g^ifiitc7)p 
tiy^ ^ -y h'Ji 1 7 ) 10 5 ort'. tmg. ry 

^r^T^'^$rffiV\ Ty]^-y°GaNm'2:2 0^yyx 
hn-M,COmMX'fSiM^-\th:itl,ZXD . ^N'VK^Jr^-y 

HKiz^^'i^izx . TMA^malTyv-rAi ' 

0. iGao.9N;i$:5?i-^i?^Xha-A^^$-tir. ^v^T 
CpzMgSrMLMg^ 1 X 1 O20Xcni3 F-7°L/^^A 
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1 o.iGao.9Nl$r2 0^>':^-Xht:?— AcOMT'^^i: 
^"^tlik. Cp2Mg$:±a6Tr>'h'— TA 1 0. iGa 
0. 9 Nil 2: ^h^Z5 >f y i?'^ h n-jL.(7)mmTk-M:^-^ 

[0102]^ LxwiBz^ mmm 1 1 mmz lt phi 

^tV^pM1^7-x Fill 7IJUi0^2rXh7-f7°:y:<7)); .y 

[0103] mzmA tl^-r i -5 U -y i^'C;>nf LT . £ 
:&mt::X'y^yj?-§:^TV\ n«2 3 ^m^'t^^' n 
{B!]A'-/7Tii^Ba:^tH$-lir. nM2 3^?^BS:L, — 
:^pi!l3y^iJ' bill 8<^y •x5^';a^M{wC,pm^2 1 

h 5 7°4*ct?B^-r-g) . mimm\ 1 1 n^t^ l 

iS;i4 0 5 nin^7)51^^^i^^^ 2 0 0 0 B#^].:J[±<7) 
#iJ^^^L:^Co ^ixJiGaN^l OiZ^HWrSiOii'-'^ 

\^±.\,zXhi:jCr,ifi^±X'hh . tcHmAlzm-^X . Ga 
1 0 ^^JlffS O/xmULbCO)^;? T-gSc^$-y:/iJ^ 
-^(di, ^®S^3 0~«ra3 2{m*-ri)^ t 

[0 104] immis'] mmmi iza^^x . nm^y 

-f*, 3l^<7)ri^K— 7°GaN;i^2 0^i^;?'Xha-A 
S i ^ 1 XI Oi9/ciii3 K-rL/::A l o. iGao. 9 

[0 10 5] —U. Pm^^-y Kill 7^^^^-^±hm 
1., 'P^^^m'^m^m^t'ti'i^z^ TyF-rGaN 

MS:2 O^y^J^'Xho-Ah, Mg^ 1 X 1 02o/cm3 
h'-rt/iA lo. iGao.9NJi2:2 0:t>'^":^ha— A 
^:^ffiiiL. ISMilO. 6/^miOli^S^:^iii:-r.g.fl!l{± 

[0106] Lmmm9i mmmv iz}i\.^x. nm^^ 

•y}^mi 2^m.M^'^^^.. S i S: 1 X 1 0i9/cm3 F 
-rLfcGaNil^2 5:t>;5''-^Fa-Ai:, T>'F— 
y°A 1 0. iGao.9N;i^2 5^>'i>''XFn-Ah^3cS 

t^miiL. ^j^Jio. eumcT^mmT-mm.t'th. — 
-jj. pm^y-/]'mi7^M^-^^^.h. Mg^ix 

1 QZO/cmS F-7°L/^GaNS& 2 55}-yi^'^Fn— 



u-M.t^-^izmmL..m.mo . eumc^im^m 
mt-r ^mimmm 7 t\simi>zLx\^ —r ^ « l 

[0107] immmi 01 mmm7^zi5^^x. nmi:^ 

y'y}^mi2^^^^'^hm. S i §rl X 1 Oi9/cni3 
F— 7°L/cGaNJiSr2 5:7j->'>?'XFo— Ai:, S i S: 
1X1 Oi7/cm3 F-rtJ'^A lo.iGao.9Nii^2 5 
y ^'^ F o- A t ^^cSi^M L . IgMiS 0 . 6 m 

commi'mmt-t^. pfai^-^'y fjii 7^^^^ 

^-It-Sl^t. Mg^ 1 X 1 O20/cm3 F-TL^lGaN 
m^2 5:^y^'Xh^—J^b. Mg§:l X 1 Oi8/ciii3 
F— 7°L/tA 1 0. 1 Gao.gNii^: 2 5 Fn-A 
i:2r^t;miIL. lgj^i?0. 6 xtmcolitgTtf jt^-T 
i.ffi{±»<?iJ 7 i: lij^t; LT U—if t/.: ^: ^ 
«<^J7i7)^£0t{5{i'[Rl^c0!|^'ft, ^^^^-ri.!/ 

[0108] mmmi 11 mkm7^zi5\^^x. nM:^ 

Fii^M1^«jii:ii:-ri3. S i ^ 1 X l O^s/cm 
3 F-rL/::A 1 0. iGao.gNilSrO. 6/imcoMilT- 
p{IOi?^-y Fill 7^^;l$-tt|.|^ 
{i. Mg^ 1 X 1 O20//cm3 F-7°L?tGaNii^2 5 
:^yyxha—M.t. 1X1 Oi8/cm3 F-rL?"cA 1 
0. iGao.9Nii§r2 S^Vi^'^Fn-Aii^^tM 
L. SMilO. 6Atm<:^tit&^miti:-r-i.fill{i:^S6M7 

imLxmmii^±m-Lfzi}m\^< i o o ob^^i^ui 
[010,9] mmm 1 21 mmm7i,z^iux. nmi^ 

7 -y F/i. Jlt^ pffl!!^ ^ FJli7)tS^g^iZfc{t-5>^|iC^ 
iiJ^S:il^O^PF-:7° (4'5^gP3&^ifti^T'{i^<. M 
f^(5S'%-) tL. nfilysi.y^Tiil l^^t^^-tt^^ 
(3. S i S: 1 X 1 Oi9/cm3 F— TLt'^A 1 o.osGa 
Q.g^NMS 0:^yyxh^—J^t . T>'F-7°GaNii 
5 0^y^->!.Fa-Ai;$:3c5:tCfig;^$ii:. ^ra2At 
mO^StS^ii ^flUti^SSM 7 t L T -^fB 

I'^imLfztz^. mmm7 (Di^cTiizimtx . mm. 

t^^^HSTF L . m^li 3 0 0 0 B^^l^Ui^^^ L/i. 

[0110] immmisi mmm7iz^\,-^x. nm^ 

7-y Fill 2S:TyF— 7°GaNii2 O^y^^'^Fn- 
Ah. S i a: 1 X 1 0i9/ciii3 F— rL/cA lo.iGa 

o.9n;i2 o^y:^'xhv}~M.t^mmLfzmmmo . 

S i Sr 1 X 1 Ois/cma F— 7°L:'iGa Nii2 5:t>'i?" 
^Fo-A^. ry F— 7°A 1 0. o5Gao.95Nii2 5^ 
y:^-:^ F u -A t Sr^cStZESc:^^ it. mmM 0 . 1 m 

1 0 1 1 1 ] -yj. pmm:^'^ \^mi>. m g ^ i x i o 

i9/cin3 F— 7°L:^cGaN;i2 S^y^'Xha-J^t . 
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TyV—y°A 1 0. o5Gao.95Nii2 5^^i>''X ho-i. 

t^^mzf^^^^t^ ummo. i Mm(7:>mm^mmt 

-th.mz. Pd^^^.y K/i 1 7$rT>K-rGaNji 

2 0 5i->'^Xhn— At. Mg$: 1 X 1 O20//cm3 F- 
y°LfzA 1 0. 1 G ao. 9 N/i^ 2 0^>'^"J^ ho— Ai: ^ 

[0 112] immmi4'] mmmiAi^. mmmi t 
mmi^zm^^tLtzG a Nmm 1 o±i<zaT<D^^mi^m 

±IZS i ?r 1 X 1 Oi8/cm31,:JLhH-rL/cn^Ga 
y\^-y°COGaNt. S i & K-7°L:^CA 1 xGai.j,N 

(o<xgo. 4 ) LTi>Mv^o 

iSi^^-SO 0°CtcLT, MS#S1^4'. TMG, TM 
I, TV^r^T. iyyy:^'XX\ Si^5xi0i8/c 
Tn3 K-TL/il no.iGao.gNi 0 =5: ^ 7 >y ^ IJ^ih 
;i$:5 0 0^>'^'"^hn-AcoMT'fiJc:^$-lt-g>. ^^0 

L<iiinG3LNxm.^^^h:iti,zxK). mM^^ 
■\t^A 1 ^^tsmim^i^m<=^iz^y'y^^^A^co^ 

O^y^^'^hn-AJaJLh, 0. 5um\:XTcommx-^-M: 
^■^hZtti'^18-tLi^, 1 0 O^y^'^ hu— AJ; 01> 
mi^tmMico^ 0 iz^ y •'/ ^m±t LXimUz< < . 

[0 114]ev>T. 1 0 5 CCT-TMA. TMG. r 
>^::^T. i^5>';i7■X^fflV^. S i ^ 1 x 1 0 1 9/ c m 

3 h'-7°L^^nMA lo.2Gao.8Ni:0=^^Ji^4 0^ 
Vi?';?. ho— Ah. Ty\^~y°<7)Ga.Nm^A0^y^ 

ix-f ii 1 0 0 jf-fomii t3^^ , mmm o. su mo^ts 

[01 15] m^^X. H-rA l o. osGao.ggNj; 
0 nffl!l3fe^M Kil^ 0 . 1 At m£0M-r-fi5t^$-tJr 

i^mt. ryy^-ycoi^L. nmpfpm^r-y°Lxi,B: 
t-thztijX^^. 

[0 1 16] mz. TyV—yi no. 01 Gao.ggN J; 0 
^I>v£'t4ii^4 0 0;ty^'X hn-A£?)M-r'B5c;^$-li: 

[ 0 1 1 7 ] i^iz. 'ikxmm-hpm^:^'A ymx o i> 



^^>K=^f^•y7°x^^;^^■->6^■:^^# V-^Mg^ 1 x l Qi^/ 
c m3 K -r Lt"^ P ^ A 1 0 . 2 G a 0. 8 N J; 0 ^ !> P » 
^ >y7°;i^ 3 0 05r>'i?'"7> hn-Ai7)j^Jf T-fiSttir^-ti- 
I., 

[0 1 1 8] ^\'>'K^-\'-y7°x;T.;U^--50^'pLBi|^ 
^-y7°;iJ; Oi>/h$V>. A 1 o.oiGao.ggNj; O'Sr-S^P 

M;<?wf;i^o. 1 ixracTi^w-x^-^^^h, ^(^m 
^iih-ri.c:i:i>T-^^. mm^mh^h%^i>zw<y 

Y^-T •vy°:^:^-}V^—cr,±^ij:-}j(om (Mil) <7)y^> 
F ^ ^ -y 7°x^^;l^:Jf"- fivSttii <}:0:»^#<. pm9y-y 

[0 119] m\^XMs^l X 1 Oi9/cm3 K-7°L 
J^cpMA 1 0. 2Gao.8NM$:4 0^>iJ'';^ha-Ai:. 
r>'K-7°GaN$r4 O^i^i^'X hD-At ^3SSicS 
iifiJc:^ L^^cIgM 0 . 8 At mc7)@1§^Mffiit i 'S: ■!> P 

[0 12 0]mt::. p{SI;5'7-y Fiii7)±t:. Mg^l 
X 1 02o/cm3 F-7°L/;pMGaNj; 0^rl.p{|!lr7 
i^^i? 1 5 0:t>^""^ho-At7)M/¥-?:-fi!t:ir$-»t 
m\>Z]y—^m=F-<7^^. Al GaN^-g-Om^^^^i 
Jt^0p(l!li5'7>y Ym\,zmLX. ^N'^K^-r>y7°X;T^;Pdf.' 
-0/jN$V^M^l:!|?!l^f4s^pi!j3>'^i?bJii:LT. 
^M2r5 0 0:^yy7.hn-J^\:Xfbm< LX^-^hfz 

^^s^t;p{Pjr7>':?^h;io^-vuriiJt3&^'^< 
'^Oprat^f^Lv^^-^-yi^^^^^^/bixi:. m=F<^m 

[0121] vxt^zx^i^zLxmim^w^^^^^t 
fz-^ :^-^\z:m'^co^m.x-T~- 'J yy^'^\^pmT-'^ 
^"kY-rLfzm^^ ^^zmmit^^fzm. '^x-zn 

^Kf5^§l*^^53iOaiL. R I E^sm;0#±/lc7)p 
(iln^^i? hJli:. p{i:7 7>y HMi:2:X-y^yi^-L 

c7) y >y i/B^^-T'l) ; h t2 J: D . vSttiicol^Wx h y 

7°y >y >''c7)Tt::m*-r-i. x o tz^j:'oxmm^&TL. 
mzim^mx o^-s. pm^y-y vm\^xtcom^ v >y 

[ 0 1 2 2 ] <Xt- y -y ^-'OTtCV^c.^ ^J^fig L. R i e 
tZTX>yf~>i?'2rm^. niirj^^^ h;icoa®^^l±J 
Ti i:A 1 J:0=5rl.nm®^;^h7^r:Kizj^fiS 
-r-So — :^pM=7>'i5'i5' h/ii^y -yi^'^^SaiN i t 
Au J:Kl^j:h pmM'tXhy 4 y°mzm^-t^. pMG 

aNmtnt L\^^yi-- ^ :?-^m^ti^mMm-!tt lx 

ti. Wi.{f N i , Pt, Pd, Ni/Au, Pt/A 
u, Pd/Au^2rW§::i:J&^'T'l=^„ nMGaNi: 
*fiLV^^-$ >yi?*^f#A.^l.^m^^t*^t LT{±A 1 . 
Ti.W, Cu,Zn,Sn, I n^cO^Jl^L< ii-^ 
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[ 0 1 24] miC0j;3t2Lt:. n^lifcpMt^ff^ 

m7i^Vz^y:^"txw^mm^mm^tL. au/sut 

[0 12 5] -eof^. Au/SnM^X:?7-^7°LT. 

mm^z^^^^mtt. ^m^mi^zs i i 
^—ifsyir^ y^Lx. m^x-u—^^m^U^fztz 

^^a^3i^v^T, mmm^Lmm2. okA/cm2, 

^«JE4 . OVX\ ^m^-M 3 6 8 n mi7)51^^^:^i; 

5112$ ti, 10 0 ommiiLtcom^t:^^Lti. 

[0 126] 

[^Bjcoa^] lii^mmLfzXoi^z. ^^mnx'itTMm 

( T/To ) IZitm-t^ \ T : mi'^i^ ( K ) . To : If 

eag (K) } . To^i^'^i^v^tafc-LDti. ^s^t-^^ 



imm,mm^m<^mzmi¥-t^^t^^sLx^^^. m 
m^^mcommmi cou-^m=FX'^i. T^tn 5 o 

KliLthh. .r^ffifiLD izMixT V ^ 

^s^^m^.. m^tKiyemtLxmi^&ztizxKi. m. 
mizii^j:\,-^m&i}mmx-^ . ^<:omm±mmmmim 

[HI] ^^mizi?^ h -mmm^(n\y-^m^comm. 
[112] micr>\y--^m=^crimnm. 

[113 ] 3ts:^BJt3^l.|IW2 £^^-«^^O^iJt^ 

[114 ] ■:/^wm{^h%mmi<7y\y-'fm=Fcrmm^ 

1 0 • • • GaNg:^. 

1 1 ■ ■ • n(iy-N>y:7rii. 

1 2 • • ■ m^mm<^nm^y-/ ym. 

1 3 • ■ • ni!J;<?M Fil. 

14 • • • vSttil, 

1 5 • ■ ■ pfPJ^-v-yTii. 

1 6 ■ ■ • pM^M Kil. 

17 • ■ • ^i1^^jtcOp(PJ^7>y HI. 

1 8 • • • Pffl«=7^^^7 hii. 

1 9 ■ ■ • l^y'y^^±m. 
20 ■ ■ • nffll^^'yr;!. 

2 1 • ■ ■ pS;^. 

2 2 ■ • • p^N°>y Kl;®. 

2 3 ■ • • nWM. 

24 • ■ • n/N°-y K^®. 

2 5 • • ■ 
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